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HE ‘Transport (Railway Finances) Bill, the 

second reading of which was moved by the then 
Minister of ‘Transport and Civil Aviation, Mr. Harold 
Watkinson, in the House of Commons on December 3, 
is intended to implement the recommendations of 
the British Transport Commission in the White Paper 
containing proposals for modernization of the rail- 
ways. These proposals contemplated that the Com- 
mission could be self-supporting in about five or six 
years, if the modernization of the railways was 
accelerated, services were improved, productivity 
increased and the railways’ greater freedom to charge 
competitive rates was used. Stress was laid in the 
White Paper on the progress made with multiple- 
unit diesel trains, and Mr. Watkinson referred to 
instances where receipts from the introduction of 
such trains had risen not by the 30 per cent or 164 
per cent quoted in the White Paper, but by 90 per 
cent and 238 per cent. 

This particular aspect of modernization of railways 
in Britain has been threatened by the interruption 
to oil supplies due to the closing of the Suez Canal. 
While, however, it is unlikely that until the Canal is 
cleared the flow of oil into Europe will exceed 70 per 
cent of the previous volume, the economic and 
practical arguments for the use of diesel motive 
power on railways in Britain are soundly based, and 
neither this development nor the increasing use of oil 
by steel works should be interrupted on that account. 
What is important is that developments should be 
planned and encouraged not piecemeal but in rela- 
tion to the needs and resources of Britain as a 
whole. j 

Clearly, while the rationing of petrol continues, 
much traffic will go by rail which normally would go 
by road, and it is admittedly the hope of the British 
Transport Commission to retain some of this traffic. 
It is true, moreover, that some heavy and long- 
distance traffic goes by road in normal conditions, 
whereas it would be in the national interest to send it 
by rail; but as was pointed out in the debate on 
December 3, the diversion of traffic from road to rail 
and vice versa can have serious repercussions, and 
these may not always be in the national interest. 
Mr. F. McLeary, while admitting that the intro- 
duction of diesel train services in certain areas would 
offer great advantages both from the point of view 
of railway economy and of the travelling public, 
pointed out that 60 per cent of road passenger routes 
and 40 per cent of the mileage were run at a loss. 
Unrestricted competition could clearly lead to a very 
difficult position. 

From many points of view rail and road transport 
require consideration as one problem ; and it is not 
only in respect of the demands they make on 4 scarce 
resource such as oil that they need to be considered 

from @ national point of view. The Government 
indeed has already, through the high level of taxation 
imposed on road transport, even before the recent 
increase in the tax on petrol, assumed a large 
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responsibility for the direction or diversion of trans- 
port as between road and rail, and the debates on 
the Hydrocarbon Oil Duties Bill have emphasized 
the extent to which the cost and efficiency of trans- 
port affect every side of the industrial, agricultural 
and commercial life of Britain. This may well have 
been under-estimated by the Government ; but apart 
altogether from that effect, the petrol shortage gives 
greater urgency to the road development programme 
and to every reasonable method of increasing the 
efficiency of road transport. 

It is not simply that there is much room for 
greater efficiency and economy in the use of petrol 
by both public and private transport. The inade- 
quacy of the road system of Britain to the transport 
it has to carry is the cause of much inefficiency and 
much waste of petrol. We have already the highest 
density of road traffic of any major country, but are 
none the less the only important European country 
which has not recognized the need and value of good 
roads and embarked on an adequate programme of 
road construction. The elimination through rationing 
and the increased tax of much of the less-essential 
traffic may well, by reducing congestion and traffic 
blocks, increase the efficiency with which petrol is 
used by the essential traffic and lead to savings in 
petrol as well as in time. 

We have now been forced in rationing to make a 
distinction between traffic of economic priority and 
other traffic, as was urged in the first of two broad- 
sheets on ‘Solving Traffic Problems’, issued by 
Political and Economic Planning, and to recognize 
that there is a limit to the extent to which private 
motor-cars can be used in the central areas of cities 
in their present form, especially for journeys to and 
from work. We have not yet, however, attempted 
to achieve a proper balance between private and 
public transport, and still less any co-ordina- 
tion between rail and motor transport. Country 
districts, for example, abound in examples of what 
appears to be 4 deliberate neglect of any attempt to 
suit bus time-tables to the needs of rail passengers. 
Still less have we begun to relate transport needs to 
the use of land, and to co-ordinate the planning of 
the use of land with the planning of transport 
facilities. 

The present period of petrol rationing does, in 
fact, give an opportunity for a very useful stock- 
taking, and for giving pause to some practices we 
can ill afford. It underlies, for example, the im- 
portance of what, in the second broadsheet, Political 
and Economic Planning concludes is the first essential 
in a road transport plan for Britain—a clear definition 
of what is meant by traffic needs. We cannot con- 
template road reconstruction on @ scale necessary to 
meet the potential traffic desires in central areas, and 
the long-term solution of congestion lies in reducing 
the amount of retailing and office employment in 
central areas and in the careful location of large 
concentrations of new industry. 
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PEP then suggests that present plans and projects, 
including the ‘A’ ring motor-way project for London, 
require re-examination in the light of more adequate 
data. Sir Charles Goodeve was even more forthright 
on this point in his recent Henry Spurrier Memorial 
Lecture when he urged the use of operatiunal research 
on various subjects relating to roads. There is much 
work to be done here, not simply by the Road 
Research Laboratory, the Ministry of Transport Unit 
and by the Unit maintained by the Metropolitan 
Police, but also in those departments in the Univer- 
sities of Durham, Birmingham and London which 
have already begun to investigate traffic engineering. 

Next, Political and Economic Planning looks to 
new underground railways as a much better invest- 
ment than urban motor-ways in areas of high land 
value, such as central London, and concludes that 
the advantage to be gained for passenger carrying is 
so great that there is a strong case for meeting the 
cost from public funds. Again the urgent need is 
stressed for greater co-ordination in planning road 
and rail facilities and the use of land in the conurba- 
tions, especially London, and also for a radical 
overhaul of administrative methods in the manage- 
ment of traffic. The problem of urban traffic, it is 
suggested, must be dealt with by regulation, by the 
provision and improvement of channels of movement 
—by road and rail—and by planning control, all of 
which fall within the scope of the science of traffic 
engineering hitherto so neglected in Britain. Political 
and Economic Planning also believes that there is 
considerable scope, in London and other cities, for 
measures such as the extension of one-way streets, 
which improve the street capacity and in the long 
run reduce accidents. Such measures could make 
many existing plans for improvement superfluous. 
Parking capacity in a central area, too, must be in 
balance with street capacity into and out of the area, 
while finally the broadsheet gives its support to 
‘rationing by price’ as the easiest means of regulating 
street parking and private car traffic generally in 
central London. Subsidized all-day parking is not 
in the public interest. 

Some of these points were also made in the debate 
on the road reconstruction programme which Lord 
Lucas of Chilworth initiated in the House of Lords 
on December 19. Lord Lucas emphasized first the 
inadequacy of the road system of Britain and, 
secondly, the lack of a sense of urgency in prosecuting 
a programme of development. While the number of 
motor vehicles on the roads in 1956 was more than 
double that in 1939, the total expenditure on roads 
when the programme was at its peak would, in terms 
of money, be less than was spent thirty years ago. 
The actual expenditure on major improvements and 
new road construction in Britain during the three 
years 1954-55 to 1956-57 was only £29 million, 
although further expenditure of £30 million in 
1957-58 and £42 million in 1958-59 was projected. 
Lord Lucas claimed that because of our antiquated 
road system, the petrol consumption of the country 
is almost double what it need be. Lord Latham also 
emphasized the waste of petrol due to circuitous 
routes and bottlenecks; he urged that the avail- 
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ability of man-power and materials rather than 
finance should be the determining factor in expendi- 
ture on roads, and quoted Sir George Burt’s opinion, 
as president of the Federation of Civil Engineering 
Contractors in February 1955, that the industry 
could construct the 800 miles of new motor-ways 
needed without undue strain on its resources. 

While there was some difference of opinion as to 
whether the construction of new trunk roads or the 
maintenance and improvement of existing roads is 
the more urgent need, there was strong support for 
more objective inquiry, such as Sir Charles Goodeve 
advocated, on which to base a road reconstruction 
programme. Lord Stonehaven suggested that the 
Road Research Laboratory should be encouraged to 
conduct a comprehensive survey of traffic conditions. 
Lord Selkirk, replying for the Government, also 
welcomed Lord Ferrer’s suggestions for factual 
inquiry into the cost of providing an adequate road 
system and the probable savings that would result 
in the running costs of vehicles; but he claimed 
that, including maintenance, we are already spending 
£100 million a year on the roads of Britain. He added 
that our present programme is concentrating on trunk 
and Class I roads, and although he did not say that 
the country must be prepared to make the sacrifices 
which the tremendous investment requires, he gave 
an absolute assurance that, within the strength of 
the economy, the programme would proceed and 
expand. 

Even more than this debate in the House of Lords, 
the debate on the Electricity Bill set the question of 
fuel and power in its wider context. The Minister of 
Fuel and Power, Mr. Aubrey Jones, in answering a 
question on December 17, had said that, while no 
firm estimate of additional supplies of oil from over- 
seas sources to Europe or of their cost could be made 
pending completion of the inquiry being conducted 
by the Organization for European Economic Co- 
operation, it was improbable that the level could 
exceed 75 per cent of the normal in the next two 
months. In moving the second reading of the Bill, 
which constitutes the generation and bulk trans- 
mission of electricity as a separate function, respons- 
ibility for which is entrusted to a generating board 
appointed by the Minister, Mr. Jones had added that 
it is intended that the generating board should 
concentrate on the nuclear power stations. 

Mr. Geoffrey Lloyd, a former Minister of Fuel 
and Power, in stressing the importance of the Bill, 
went so far as to suggest that it was really concerned 
with the establishment of an organization mainly 
for the promotion and distribution of nuclear power. 
Mr. Lloyd, it will be recalled, appointed the Herbert 
Committee, one of the recommendations of which 
was the treatment of generation and bulk trans- 
mission of electricity as a separate unit. More- 
over, while Mr. Lloyd agreed that the cost of 
expanding the nuclear energy programme is bound 
to be heavy and the trebled programme would prob- 
ably require an expenditure over the next nine years 
of £700 million—£720 million compared with the £350 
million which the construction of ordinary power 
stations would require, he pointed out that the 
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annual expenditure would be only about 1-5 per cent 
of the gross capital formation last year. Further- 
more, when we reached the stage when nuclear power 
began to displace other forms of fuel and power, we 
should approach a point when the load factor would 
become of critical importance. Nuclear power 
stations, in view of their high capital and low fuel 
costs, must be operated continuously day and night, 
and it was at this stage that the Electricity Council 
recommended by the Herbert Committee could be of 
real importance to Britain. 

Mr. Lloyd referred, for example, to the possibilities 
in regard to electric storage heaters, as well as to the 
operation of automatic plant; but although he 
urged that we should be considering these possibilities 
and preparing for them, he recognized that this was 
a long-term policy, and that as Mr, A. Albu and Sir 
Ian Horobin even more explicitly pointed out, 
nuclear energy could make no appreciable difference 
to the oil position of Britain in the next ten years. 
Even if the output of the stations was doubled and 
the output of coal was maintained, the estimated 
saving of about 7-5 per cent of the present oil con- 
sumption might well be exceeded by increasing 
demand. Over the next ten years, dependence on 
oil is likely to increase, and it is unlikely that Britain 
will be able to reduce its dependence on imported oil 
until after 1965. Thereafter, nuclear power should 
progressively reduce the damage which an inter- 
ruption of oil supply could do to the economy of the 
country. 

Sir Ian Horobin frankly advocated that if the 
choice had to be made, it would be wiser to reduce 
the allocation of resources to the coal industry and 
put that sum into the nuclear power programme. 
The Parliamentary Secretary to the Ministry, Mr. 
D. L. M. Renton, replying to the debate, commented 
that even if the nuclear energy programme were 
expanded, we should still need all the coal we could 
produce as well as very large quantities of oil. He 
agreed that it is the duty of the Government and of 
Parliament to see that the electricity supply is 
organized in the best possible way to take the earliest 
advantage of the coming of nuclear power; but 
neither he nor other speakers in the debate emphas- 
ized, as was done in the House of Lords debate, the 
vital importance over the next decade of eliminating 
all possible sources of waste of energy of any kind. 

Mr. Geoffrey Lloyd’s reference in the debate to the 
value of the research that had been carried out on 
the re-design of boiler plant to permit the consump- 
tion of low-grade fuel indicates that at least some in 
Government circles appreciate that the problem of 
fuel and energy is one, and the use of such resources 
should be approached as a whole. The Electricity 
Bill, following the recommendation of the Herbert 
Committee that one board, free to utilize any source 
of energy, should be wholly concerned with the 
generation and transmission of electricity, is a step 
in the right direction. We need now to consider how 
far we can proceed in the further integration of 
the production and use of gas, coal, electricity 
and oil and the economies that are possible in this 
way. 
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Clearly, as was hinted in the debate on December 
17, there are immense possibilities, though to achieve 
them a considerable investment in research is still 
required, much of which would be of a fundamental 
and long-range character. Meanwhile something 
could be done to eliminate the waste of fuel both in 
industry, on the roads and in domestic heating. The 
Government has still far to go to implement effectively 
the recommendations of authoritative committees in 
these matters, and technologists have ample scope to 
urge on Parliament by all means in their power the 
vital importance both of attacking the problem of 
the production and use of fuel and energy as a whole, 
and of dealing with the problem of fuel efficiency 
and the elimination of waste at its roots. There are 
few fields in which the application of scientific know- 
ledge could do more to strengthen Britain’s economy, 
and few in which existing knowledge is more widely 
neglected by the State, in industry and in the home. 


RELATIVITY AND THE 
EXPANDING UNIVERSE 


General Relativity and Cosmology 

By Prof. G. C. McVittie. (International Astrophysics 
Series, Vol. 4.) Pp. x+198. (London: Chapman 
and Hall, Ltd., 1956.) 42s. net. 


Expanding Universes 
By Prof. E. Schrédinger. Pp. viii+93. (Cambridge : 
At the University Press, 1956.) 17s. 6d. net. 


LTHOUGH both these books are written 
primarily for the small band of mathematical 
relativists, each has a wider appeal. Prof. E. Schré- 
dinger’s slim volumes never fail to illuminate by 
originality of approach. Prof. G. C. McVittie is a 
master of the technique of general relativity, and the 
most original feature of his latest book is his fascin- 
ating pplication of that technique to the solution of 
problems in ciags:cs' ;s* dynamics. 

Prof. McVittie prefaces his book by some very 
timely remarks on the function of general relativity, 
arguing that this method has nothing significant to 
say in the realm of electromagnetism, where it would 
appear that quantum mechanics is the appropriate 
weapon. Instead, it is best regarded as “‘a general- 
ization and, at the same time, an amalgamation, of 
Newtonian gravitation and hydrodynamics and 
therefore as a theory of mechanics dealing with the 
phenomena manifested by matter in bulk’’. 

McVittie’s introductory chapter goes, however, 
much further than this and is, in fact, a methodo- 
logical manifesto of considerable interest in itself. It 
is a very forceful statement of the point of view 
which was neatly epitomized many years ago by 
J. J. Thomson in the famous epigram that a scientific 
theory is a policy (or tool) and not a creed. This is 
a particularly challenging attitude for McVittie to 
adopt for two reasons—one general and the other 
specific. On general grounds, it has recently been 
argued with characteristic brilliance and lucidity by 
K. R. Popper in his contribution to the recent volume 
on “Contemporary British Philosophy’? (edited by 
H. D. Lewis. Allen and Unwin, 1956) that the view 
sponsored by Thomson (although he does not mention 
his name) which he calls ,‘instrumentalism’ is 
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obscurantist and cannot account for scientific pro- 
gress, for ‘‘In contrast to the highly critical attitude 
requisite in the pure scientist, the attitude of instru- 
mentalism is one of complacency at the success of 
applications’. This is a proposition which could 
be argued at length on both sides, but McVittie’s 
adoption of the instrumentalist point of view in relation 
to general relativity might be thought also to be 
open to challenge on more specific grounds. For it 
has generally come to be accepted that the peculiar 
appeal of general relativity is primarily esthetic and 
rational rather than in virtue of its power of appli- 
cation, apart from the ‘one-body problem’. ‘the 
incentive to develop alternatives to general relativity 
has come mainly from the widespread feeling that, 
despite its formal beauty and generality, the tech- 
nique is unwieldy and its physical significance often 
obscure. MecVittie, on the contrary, is an enthusiast 
for the theory, but he is not content merely to argue 
in general terms that the theory is as powerful as it 
is elegant. Instead, he has made a welcome and 
determined effort to justify his view by practical 
application. 

t His book falls into three main divisions. In 
Chapters 2 to 5 he gives a workmanlike exposition 
of the tensor technique and its application to 
Riemannian geometry, a brief summary of New- 
tonian mechanics and of special relativity, the  prin- 
ciples of general relativity and Schwarzschild space- 
time. The exposition is terse and to the point, and 
the object is to present relativity as a research tool 
for the: mathematical physicist. It should be men- 
tioned that the discussion of the empirical testing of 
Einstein’s theory is unusually thorough for a text- 
book of this kind. 

The second section of the book is devoted to a 
study of approximations to Einstein’s equations 
which goes deeper than previous studies by other 
investigators. McVittie’s analysis yields as an 
important by-product an original method for the 
solution of the equations of classical gas-dynamics. 
The key to the success of the method is the fact that 
the relativity constant x = 8xG/c*, where G is the 
constant of gravitation and c the velocity of light, is 
very small, being of the order 10-*’ in the c.g.s. 
system of units. McVittie establishes the general 
theorem that the distribution of matter corresponding 
to an orthogonal static metric, the coefficients of 
which differ from those of the Minkowski metric by 
terms of order x, is at rest in the co-ordinate system 
and its pressure is constant to the first order in x. 
From this he deduces that, to the first approximation 
in x, the Newtonian approximations to the solutions 
of Einstein’s equations give the hydrodynamical 
motions of a compressible perfect fluid, the only 
force being the pressure-gradient; the second 
approximation in x introduces the self-gravitation of 
the fluid. McVittie then uses these results to obtain 
@ systematic classification of gas motions in New- 
tonian theory. 

The last two chapters of the book are devoted to 
a very thorough discussion of theoretical cosmology, 
based on general relativity, and the presentation of 
theoretical formule in a form suitable for numerical 
computation as and when fuller observational data 
become available. These chapters are likely to 
become standard sources of reference for this purpose. 

Prof. Schrédinger’s book is much more restricted 
in its scope than Prof. McVittie’s. Its title is some- 
what misleading as he is not concerned with a sys- 
tematic investigation of expanding world-models. 
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Nearly half the book is devoted to the geometry of 
the de Sitter model which, because its matter-tensor 
vanishes, allows a bewildering variety of repre- 
sentations, so that, in the author’s view, it is hard to 
grasp the identity of the underlying geometrical 
object. The various representations (spherically 
closed or flat and infinite, expanding or static) are, 
however, not all strictly alternatives, because they 
do not each comprise the same basic object; the 
static frame, for example, confining the world to a 
comparatively small section of it. This restriction 
entails paradoxical consequences concerning moving 
bodies apparently entering and leaving the universe. 
within a finite span of their proper time and also 
concerning light-signals reaching the observer from 
events to which he is unable to assign any real value 
of the time co-ordinate. Schrédinger’s very thorough 
discussion of these representations and anomalies is 
illuminated by several careful drawings by Mr. 
Alfred Schulhof. 

The second half of Schrédinger’s book is less 
entertaining but perhaps more valuable. After a 
discussion of light-rays, paths of free particles, and 
general frequency-shifts in general expanding space, 
he examines waves in general Riemannian space- 
time and in an expanding universe. The central 


-problem concerns the changing configuration of a 


wave-group of (nearly) monochromatic waves, pro- 
ceeding in (nearly) one direction, due to the expansion 
of the space. The author develops a method of 
determining all the proper vibrations of the expanding 
universe and concludes that all wave-lengths expand 
at the same rate as the radius of space. 

Both books are admirably printed and produced 
and can be strongly recommended both to specialist 
students and to others who are not deterred by the 
sight of mathematical methods and symbolism. 

G. J. WaIrrow 


SILICIC SCIENCE 


Silicic Science 

A Review of the Colloid Scientific Properties and 
Phenomena exhibited by Matter composed essen- 
tially of the Element Silicon. By Prof. Ernst A. 
Hauser. Pp. xii+188+27 plates. (Princeton, N.J. : 
D. Van Nostrand Company, Inc.; London: Mac- 
millan and Co., Ltd., 1955.) 378. 6d. net. 


HIS book is based on Prof. Hauser’s lectures at 

the Massachusetts Institute of Technology on 
‘The Colloid Science of Silicon”. As Prof. Weyl says 
in his introduction, he “‘picks at random those fields 
which are most neglected in text books”. Inevitably, 
therefore, the book gives something of the impression 
of a rag-bag. It brings together two fields of study 
which have tended to remain apart from each other : 
on one hand, the chemistry of the silanes, silicon- 
organic compounds and silicones; on the other, 
chemical and colloidal studies of clays. 

It seems to the reviewer that the book would have 
gained if Prof. Hauser had eschewed all notion of 
being complete. In one chapter, for example, he 
treats base exchange, differential thermal analysis, 
infra-red analysis and X-ray diffraction in five text 

aZes. 
. There is a non-mathematical discussion of colloidal 
phenomena in silicic science, in which extensive use 
is made of Hamaker’s idea of potential curves. Little 
is said about the development of this idea by Verwey 
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and Overbeek, and Derjaguin is not mentioned. 
Another chapter treats the atomic structure of glass, 
with extensive quotations from Weyl’s papers on the 
subject. A chapter on reactions of bentonite with 
organic compounds discusses the formation of the 
organophilic clays known as ‘bentones’. The reviewer 
was interested to read here of experiments on the 
possibility of forming clay esters carried out at the 
Massachusetts Institute of Technology by Bart and 
Gusman, and later Bralove, experiments which do 
not seem to have been published (the upshot of them 
is negative). Deuel’s work is noted in the biblio- 
graphy, but not discussed ; other important papers 
by Berger, Greene-Kelly, Brown and Norrish, and 
Martin Vivaldi and Hendricks are omitted. 

A final chapter contains interesting brief dis- 
cussions Of @ series of applications with which the 
author has been concerned; ceramics, catalysis, 
agriculture, bentonite films and plastics, drilling 
fluids, water softening, thixotropic rubber com- 
pounds, pharmaceutics, ‘bentones’ and _ silicones. 
There are also chapters on silicic acid, membrane 
equilibrium and related topics, ultra- and electron- 
microscopy, thythmic precipitation, soi] stabilization 
and silicones. 

The reviewer would not care to recommend this 
book to students, because of its unsystematic charac- 
ter, and because the author is inclined to brush aside 
theories he dislikes, and insinuate unorthodox 
opinions without fair warning. Specialists in clay 
studies will be interested to read Prof. Hauser’s 
ideas, drawn from a wide and long experience, 
especially with regard to practical applications. 

D. M. C. MacEwan 


LIFE OF THE SWIFT 


Swifts in a Tower 
By Dr. David Lack. Pp. 239+19 plates. (London : 
Methuen and Co., Ltd., 1956.) 21s. net. 


HIS is a compact book written in non-technical 

language and felicitous style, with frequent 
incidental recognition of human values and many 
references to general literature. Yet it is rigorously 
scientific in its treatment of the subject, full of original 
observation and with critical appraisal of earlier 
publications. One would not need to be an ornitho- 
logist to enjoy this account of a most remarkable 
bird, and of the methods used for making its close 
acquaintance. To the ornithologist it is a fascinating 
addition to knowledge of a species at once familiar 
and in its habits little described since the time of 
Gilbert White. 

The British swift, with its kindred elsewhere, is 
the most aerial of birds—to be seen at any time during 
four months of summer, but usually just as a fast- 
moving object and often high above us. Yet it is 
not impossible to observe accurately under these 
conditions, whether it be feeding on flying insects at 
25 miles per hour or making a spectacular dash at 
more than twice that speed ; whether it be gathering 
nest material in mid-air or sipping water without 
alighting on the surface: it has been seen, by Dr. 
David Lack among others, to mate in flight, and 
there is substantial evidence that it often spends the 
night on the wing. Its migrations are diurnal and 
have repaid observation. 

The domestic life of the swift. on the other hand, 
was until lately almost unknow<, because it nests in 
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holes which are commonly inaccessible, on high 
buildings, and often too far into these to be reached 
in any event. This book, however, describes ten years 
of observation of nesting swifts ‘from inside’. The 
opportunity was offered by the colony in the ventila- 
tion holes in the tower of the University Museum at 
Oxford (associated in memory with the historic 
debate on evolution between Huxley and Wilber- 
force) ; it was ingeniously taken, by the insertion of 
nesting boxes with lids and glass panels which made 
it possible to study the birds at the closest quarters 
from within the tower. Many ornithologists and 
others have climbed the tall interior ladders to see 
the birds, which are unafraid of approach in these 
circumstances ; but it is to many hours of patient 
observation by the author, and by his wife and other 
assistants, that we owe the wealth of information now 
presented in such attractive form. The results are of 
great interest, and are illustrated by remarkable 
electronic flash photographs by Mr. H. N. Southern, 
but no attempt to summarize them can be made in a 
short review. 

It must suffice to say that there are chapters 
dealing with the fight for homes, with courtship, with 
nest-building, with laying and incubation, and with 
the nestlings in their naked and feathered stages. 
Other chapters deal with the swift at large—its feed- 
ing habits, its flight and its migration. Then there is 
@ statistical chapter on the birth-rate of swifts ; and 
finally a philosophical chapter on the meaning of 
adaptation, a theme for which the extreme specializa- 
tion of the swift provides an appropriate basis. 

The British swift is but one of some seventy species, 
the majority of which live in the tropics, while the 
others are long-distance migrants exploiting the 
transient wealth of insect-life in temperate latitudes. 
The author makes frequent reference to what is known 
about the foreign species, and he touches on the 
taxonomy of the group. He pays tribute to the work 
of Mr. E. Weitnauer, who had earlier begun a similar 
study of the alpine swift—a larger and pale-bellied 
congener—in the tower of a village church in the Jura 
Mountains. LANDSBOROUGH THOMSON 


RESONANCE AND VALENCE 


Resonance in Organic Chemistry 

By Prof. George Willard Wheland. Pp. xiii+846. 
(New York: John Wiley and Sons, Inc. ; London : 
Chapman and Hall, Ltd., 1955.) 120s. net. 


HE idea that molecules, particularly organie 

aromatic molecules, may be conveniently de- 
scribed in terms of quantum-mechanical resonance 
between several valence-bond structures was devel- 
oped in the early 1930’s mainly by Slater, Hickel 
and Pauling, after it had been foreshadowed in 1926 
by Ingold’s theory of mesomerism. Since that time 
the theory of resonance has been widely applied by 
organic chemists to provide a theoretical basis for an 
understanding of the structure and reactions of 
organic molecules. Unfortunately, there has not 
been such a wide understanding of the basic ideas of 
the theory nor a sufficient appreciation of its limita- 
tions. Consequently there are to be found in the 
literature and in text-books a number of incorrect, 
or at least misleading, expositions of the theory and 
many examples of its misapplication. Prof. Wheland 
shows, for example, that recent criticisms of the 
theory of resonance by Russian authors are based on 
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an incorrect interpretation of the theory, and he 
states: “It therefore appears that, like a number of 
other people in the United States, as well as abroad, 
these authors have been misled by carelessly worded 
expositions of the theory, which give an erroneous 
impression of its physical meaning and which are 
unfortunately all too common’’. 

Prof. Wheland has long been an exponent of the 
theory of resonance and of its usefulness in organic 
chemistry. He has in this book considerably revised 
and enlarged his earlier work, “The Theory of 
Resonance and its Applications to Organic Chemis- 
try”’, that was published twelve years ago. The main 
plan of the book follows that of the earlier work, and 
in making the revision Prof. Wheland has attempted 
to provide a qualitative, yet detailed, exact and 
thorough treatment of the theory, and of its applica- 
tion to organic chemistry, at the same time avoiding 
any statements that might be misleading or which 
might give rise to erroneous interpretations of the 
theory. It may be said at once that he has succeeded 
admirably. In addition the present book contains a 
new long chapter on the mathematical basis of 
resonance, and a very considerably enlarged appendix 
giving interatomic distances and bond angles in 
organic molecules, which attempts to be complete up 
to July 1954. 

The first two chapters on the theory of resonance 
and the nature of valence discuss qualitatively the 
basic ideas, assumptions and limitations of the 
resonance theory. They are exceptionally clearly 
written, and all the fundamental ideas and ter- 
minology are explained with great care. A brief 
discussion of the molecular orbital theory is intro- 
duced in Chapter 2, which is, however, neither so 
clearly written nor so thorough as the preceding 
discussion of the resonance theory, and scarcely 
enables the reader to make a fair comparison of the 
two methods. No use of the molecular orbital theory 
is made in later parts of the book and this discussion 
could well have been omitted without loss. 

The chapter on resonance energy is admirable. 
It sets out very clearly all the assumptions and 
difficulties involved in the determination and com- 
parison of the resonance energies of molecules. The 
explanation that the resonance energy of carbon 
dioxide arises largely from resonance between two 
structures, both of which are represented by the 
conventional diagram O=—C=O, and similar dis- 
cussions of the isocyanates and isocyanides, are made 
unnecessarily difficult to follow by the absence of 
any figures showing the arrangement in space of the 
relevant atomic orbitals. 

Prof. Wheland has largely succeeded in avoiding a 
not uncommon tendency: to attempt to explain the 
properties of molecules and their reactions solely in 
terms of the resonance theory, thus neglecting other, 
often equally important, factors. Thus, in the 
chapter on steric effects of resonance his treatment 
of interatomic distance is generally a fair and balanced 
one and consideration is given to other factors that 
are of importance. In discussing the effect of reson- 
ance on the inter-atomic distance between two atoms 
it is first necessary to assign values to the ‘pure’ 
single and double bonds between these atoms. This 
is admittedly a matter of some difficulty, but to take 
the C=O double bond length as 1-24 A., as in acetone 
and formaldehyde, is surely incorrect, since there 
must be resonance in these cases between the struc- 


i = 
tures C=O and C—O. This leads to difficulties in 
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considering the length of the C=O bond in molecules 
such as CO,, CH,COX, and HCOOCH,, for which 


resonance structures such as 


+ + 
O ray 
= re lil hi 
O-C=0, CH,-C and H-C 
x OCH, 


have to be postulated in order to explain the ‘short’ 
C=O bond lengths observed in these molecules. If, 
as seems more reasonable, it is assumed that the 
C=O bond length is close to that in CO, (that is, 
1-16 A.) these difficulties can be avoided. 

Although Prof. Wheland has taken great care to 
avoid misleading the reader concerning the signi- 
ficance of resonance, he has not been quite so success- 
ful in his, admittedly brief, discussion of hybrid 
orbitals. Thus, for example, he states (p. 210) that 
“the orbitals of a carbon atom that forms four 
bonds are necessarily hybridized”. This, however, is 
not strictly correct. It is only necessary that these 
orbitals should be hybrid orbitals if one wishes, as is 
usual, to describe a molecule in terms of only one 
valence bond structure. A molecule can, however, 
be equally correctly described in terms of resonance 
between a number of structures or pairing schemes, 
each of which makes use of atomic orbitals only. 

The chapters on resonance and chemical equili- 
brium and resonance and chemical reactions occupy 
200 pages and include a useful and critical discussion 
in terms of the resonance theory of a large amount 
of recent work on the strengths of acids and bases, 
the stability of free radicals, and the mechanisms of 
organic reactions. 

The final chapter, on the mathematical basis of 
resonance, occupies 150 pages and constitutes by 
itself an excellent introduction to quantum mechanics. 
It is not such easy reading as the earlier part of the 
book, but it well repays a careful study. It discusses 
clearly and thoroughly many concepts that are often 
found difficult when they are met for the first time, 
and which are generally not treated so fully in other 
books. Thus, for example, there is a very clearly 
written discussion of the ideas of paired and unpaired 
electrons, parallel and anti-parallel spins, and singlet 
and triplet states. It gives a very full discussion of 
the exact meaning of the terms resonance hybrid, 
resonance energy, and resonance frequency. The 
concept of resonance frequency, which has often 
been misunderstood, is particularly well discussed. 
The second half of this chapter is concerned with the 
quantitative application of the valence bond and 
molecular orbital theories to aromatic molecules, and 
it explains clearly the assumptions and somewhat 
drastic approximations that have to be made. 

The few criticisms that have been made above are 
all relatively minor ones and it may be said that the 
book is an altogether brilliant and masterly survey of 
the theory of resonance and its applications to 
organic chemistry. It will undoubtedly remain for 
many years the standard work of reference for all 
organic chemists and many others who are interested 
in the theory of resonance and in its applications to 
organic chemistry. The printing and production of 
the book are excellent, and very few misprints were 
noticed. It is only to be regretted that the very high 
price will put it beyond the reach of students and of 
most of their teachers. R. J. GrLesPre 
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Tables of Physical and Chemical Constants and 
some Mathematical Functions 
Originally compiled by Dr. G. W. C. Kaye and Dr. 


' . H. Laby, now prepared under the direction of an 
_ Editorial Committee. Eleventh edition. Pp. vi+233. 
' (London and New York: Longmans, Green and Co., 


Ltd., 1956.) 258. net. 

INCE its inception in 1911, “Kaye and Laby” 

has been a household word arnong physicists and 
chemists, and though the link with the original authors 
is now severed—for Prof. Laby died during the 
printing of the tenth edition and Dr. Kaye while the 
ninth was being prepared—the tradition of the book 
is being well and truly maintained. This new eleventh 
edition is the work of an editorial board consisting 
of Prof. N. Feather (University of Edinburgh) as 
chairman, with Dr. H. Barrell (National Physical 
Laboratory, Teddington), Dr. E. A. Coulson (Chemical 
Research Laboratory, Teddington) and Mr. J. M. C. 
Scott (University of Cambridge) as the other members. 

It is eight years since the tenth edition was pub- 
lished, and during this time both a great deal of new 
territory in the physical sciences has been discovered 
and also—and just as important—much of the ground 
that had been previously explored has been more 
thoroughly charted and consolidated. As a result, 
the compilation of new data and the revision of old 
material have been heavy, and thirty-eight contri- 
butors are listed as having had a hand in the present 
edition, Although much in detail has been altered, 
the essential features of “Kaye and Laby”’ remain as 
before. By a rigorous application to their task, the 
editors have succeeded in avoiding the obvious pitfall 
of allowing the volume to get out of hand in content 
and size, and, in fact, this edition is no larger than 
the previous one. 

The book is divided into four gections, the first of 
which, on general physics, takes up nearly half the 
space (108 pages). Then follow the sections on 
chemistry (65 pages), atomic physics (35 pages) and 
four-figure mathematical tables (17 pages). Finally 
comes the index of seven pages; this last-named is 
most important because, since there are no contents 
pages, the only way of finding a particular item rapidly 
is to look it up in the index. 


Physical Properties of Wool Fibres and Fabrics 
(Wool Research, Volume 2.) Edited by H. Lemon. 
Pp. vi+234. (Headingley, Leeds: Wool Industries 
Research Association, 1955.) 30s. 


HE understanding and development of tech- 

nological processes in the wool textile industry 
have been materially assisted in the last three decades 
by the Wool Industries Research Association. The 
present book is @ summary of the research so far 
carried out at Torridon on the physical properties of 
wool fibres and fabrics. It does not describe work 
carried out to elucidate the structure of the fibre, 
but treats the measured physical properties of wool 
and relates them to its functional behaviour and to 
certain processes in textile technology. 

Thus a large section of the book is given to a 
consideration of wool and water vapour relations, 
which have practical applications in such widely 
divergent fields as commercial testing for weight, 
the drying of fibre assemblies, and the design of 
clothing. This is followed by a section on the warmth 
of clothing which sets out the physics of the air-flow 
and heat transfer through fabrics, and also the 
relevance of the elastic properties of the fibre in 
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maintaining the optimum fabric structures for 
warmth, 

The mechanism of the water repellency of wool 
fabrics and feathers is discussed thoroughly—this has 
relevance in the design both of rainproof fabrics and 
of laboratory tests for their appraisal. The peculiar 
frictional properties of wool are discussed very fully 
—this is a very interesting chapter which sum- 
marizes all the work done in this field. 

Physicists outside the textile industry will be 
interested in this chapter and that on the electrical 
properties of wool, in which fields notable contri- 
butions to basic physics have come from workers in 
technological foundations. 

The seiection of material is confined to those fields 
in which the Wool Industries Research Association 
has itself worked, and in some cases, in particular 
the chapter on elastic and plastic properties, is 
restricted to its own contributions. However, 
physicists and engineers interested in the properties 
of matter will find this book a stimulating introduction 
to some first-class work which has been published in 
many scattered journals. 

The book is intended mainly for readers in industry 
and makes little demand upon matliematical skill. 
The presentation is generally clear and the book is 
very well illustrated. W. J. Onions 


Ciba Foundation Symposium 

Jointly with the Physiological Society and the British 
Pharmacological Society, on Histamine, in honour of 
Sir Henry Dale. Edited by G. E. W. Wolstenholme 
and Cecilia M. O’Connor. Pp. xvi+472. (London: 
J. and A. Churchill, Ltd., 1956.) 50s. net. 


a ae volume, in fact, contains the proceedings of 
two symposia on histamine. The first sympo- 
sium, which was held in public at the Wellcome 
Institute, London, consisted mainly of formal papers 
which occupy about two-thirds of the book. The 
second, sponsored by the Ciba Foundation, was a 
private gathering in London of scientific men specially 
interested in histamine who met in honour of Sir 
Henry Dale and to talk about histamine. The 
recorded discussions of this symposium are a valuable 
feature of the book and repay careful study. 

The subjects dealt with in the two symposia cover 
more or less the same ground. All the important 
advances of the past ten years are reviewed, and there 
is a wealth of bibliography. The new techniques, 
tracers and chromatography, in particular, have 
certainly yielded a plentiful harvest. Of outstanding 
interest are the new facts on the origin and fate of 
histamine in the body. For example, when isotop- 
ically labelled histidine is injected into an animal, 
some of it is converted into labelled histamine, 
presumably by decarboxylation. Histamine from this 
source forms a separate pool inside the cells, since it 
does not exchange with histamine injected into the 
body. It can, however, be released from the cells 
by a wide range of substances which contain basic 
groups. Once histamine has left the cell, it undergoes 
a rapid degradation and the various metabolites 
formed can be estimated in the urine. This is only 
one of many other fascinating contributions on the 
distribution of histamine in the body, its location in 
cells, the mode of its release by substances of known 
structure, its possible role in gastric secretion and on 
its curious «ssociation with heparin in mast cells. 

For those who are interested in histamine, this is in 
every way an exceedingly useful and stimulating book. 

H. M. Apam 
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By JOHN BEAVAN 


Assistant Director, Nuffield Foundation, London 


HE activities of even the wealthiest foundations 
have ceased to be spectacular since philanthropy 
became the business of national and international 
agencies. To-day, State and inter-State munificence 
dwarfs the spending of all private bodies concerned with 
welfare and the endowment of scholarship and research. 
Nevertheless, the place of foundations in the 
history of the Welfare State is undisputed. They 
were the private pioneers of much experiment and 
welfare which are now done by the State itself. 
Indeed, the test of success foundations used to apply 
to their missionary efforts was whether the public 
authorities felt compelled to take them over and run 
them with public money. 

But now, as Dwight MacDonald put it in his study 
of the Ford Foundation, the frontiers of philanthropy 
are closing in. Is there still a useful place for the 
private foundation in a State which has equipped 
itself with expert bodies to promote research, and 
has provided them with plenty of money and free- 
dom? Indeed, many people think that the State is 
already doing more than it should do and it is wrong 
for voluntary bodies to urge it to do more. 

They forget, however, that even if the State 
cannot expand its services, it must from time to 
time change its priorities. New demands have to be 
met, sometimes at the expense of established schemes ; 
or established schemes have to be altered to meet 
new conditions. The private foundation which is 
free from the pressures of political and other interests 
is in @ very good position both to search for new prior- 
ities and suggest amendments in established schemes. 

Then it must be remembered that the best founda- 
tions have never confined their philanthropy to one 
country, and to-day they are finding more and more 
scope in the undeveloped countries, where they meet 
all the traditional problems, but in more diverse and 
intractable forms. A glance at the annual report of 
any great foundation should remove all doubt of 
whether it has a part to play in the modern world, 
and none of these reports is more convincing than 
that of the Rockefeller Foundation—the first great 
venture in world-wide philanthropy. 

In many ways Rockefeller has been the model 
foundation, and remains so under the leadership of its 
present president, Dean Rusk. Certainly, all general- 
purpose foundations created in the past thirty years 
have learned from its example, and thus the historical 
literature of the Rockefeller Foundation is of practical 
value as well as being of academic interest. It is typical 
of the Rockefeller Foundation’s insistence on excellence 
that these writings should be of such high quality. 
The monumental biography of John D. Rockefeller, 
the founder, was written by Prof. Allan Nevins, one 
of America’s most distinguished historians, and the 
history of the Foundation was written five or six 
years ago by Raymond B. Fosdick, who, for twelve 
years, was president of the Rockefeller Foundation 
and was known as the best professional in the business. 
Mr. Fosdick has now followed up his history with a 
biography called “John D. Rockefeller, Junior’*. 


* John D. Rockefeller, Jr.: A Portrait. By Raymond B. Fosdick. 
4 5 demas plates. (New York: Harper and Brothers, 1956.) 
* collars. 





The origin of the Foundation, as of all scientific 
philanthropy, lay in the inability of a fantastically 
rich man to disburse his fortune as conscience told 
him he must do, without getting overwhelmed. It 
was essential to systematize both the distribution 
itself and the principles on which the gifts must be 
made. Rockefeller was, of course, merely one of a 
group of Americans who at the turn of the century, 
the culmination of laisser faire, made huge per- 
sonal fortunes and gave them away. Of this group, 
which included Morgan, Guggenheim, Duke, Armou: 
and Sage, the one who voiced his views most 
eloquently on the right use of wealth was Andrew 
Carnegie: ‘“‘the man who dies rich, dies disgraced’’, 
he said. Rockefeller, too, had a simple philosophy : 
“‘A man should make all he can and give all he 
can’’, 

This group, says Fosdick, “acquiring their for- 
tunes under conditions unique in the history of their 
country and not infrequently by methods which, if 
permissible at the time, no longer accord with social] 
conscience or the requirements of law, enriched the 
cultural life of America with a stream of universities, 
foundations, institutes, libraries and endowments 
without parallel in any other age. Their motives 


._were doubtless many and varied—genuine social 


vision, religious principle; sometimes in part a 
desire for social recognition or the perpetuation of a 
name”’. 

Rockefeller, jun., was in at the start of his father’s 
great venture in philanthropy, though he was not 
old enough to have a strong influence on the way it 
should develop. The real creator of the Foundation 
was Frederick T. Gates, who had been in the Baptist 
Ministry and still had a strong messianic urge. 
Rockfeller, sen., was a man of granite who liked to 
surround himself with other strong men. What was 
even rarer was his ability to pick men who would 
compensate for his own inadequacies. Rockefeller 
was reserved and inarticulate. Gates, who was to be 
his chief adviser in business and philanthropy, was 
aggressive and fluent and tremendously courageous. 
He would address Rockefeller as if he were a con- 
gregation of miserable sinners—‘‘your fortune is 
rolling up, rolling up, like an avalanche”, he would 
cry. “‘You must keep up with it! You must dis- 
tribute it faster than it grows. If you do not it will 
crush you and your children and your children’s 
children’. 

Gates joined Rockefeller after working with him 
on his first major act of philanthropy, the creation 
of the University of Chicago, which started as an 
idea for a Baptist institution of higher learning. 
When in 1910 Rockefeller made his final gift, he had 
contributed altogether 35 million dollars. But he 
never allowed the University to bear his name, never 
suggested the appointment or removal of any pro- 
fessor and never indicated his attitude to the views 
of the faculty. 

The Rockefeller interest in medicine began when 
Gates, in 1897, read William Osler’s ‘‘Principles and 
Practice of Medicine”’, a frank criticism of the retarded 
development of medical science. Gates’s memorandum 
on what ought to be done for medicine appealed 
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to both Rockefeller and his son, and the Rocke- 
feller Institute for Medical Research was set up in 
1901 with Dr. William Welch, of Johns Hopkins 
University, as president. A short time afterwards 
Dr. Simon Flexner was made director. 

Rockefeller, as was usual with him, gave the 
Institute @ modest start, but as soon as he saw it 
was succeeding he invested more and more in it and 
eventually made it one of the great centres for 
medical research of the world, His principle, as in 
all things, was to aim at excellence and even at 
perfection, to get the best men and to give them the 
best conditions of work. Meanwhile, Rockefeller, 
jun., who had the strange upbringing of the son of a 
Puritan millionaire, began to develop the family’s 
traditional interest in the Negro problem. He made 
plans for an organization that would deal in a com- 
prehensive way with the problem of education in the 
south. It had to be comprehensive, for Negro 
education could not be promoted without an equal 
concern for the education of the whites. Rockefeller, 
sen., pledged a modest million dollars for its support, 
and then, having had it proved to him that it was a 
good thing, he added 20 million. Out of the Educa- 
tion Board sprung the third great benefaction, the 
Rockefeller Sanitary Commission, devoted to the 
eradication of hookworm. 

By this time some of the principles of scientific 
philanthropy had been beaten out. Rockefeller had 
seen that the most useful way of spending money 
was to put funds at the disposal of independent 
boards of trustees, made up of the most experienced 
men he could find, and give them a free hand to 
select their officers and carry on their work. He 
himself preferred to retain a certain psychological 
detachment from these ventures. He refused to 
become @ trustee of any one of them. 

In spite of these vast outpourings of wealth, the 
fortune was still piling up. By 1910 Rockefeller was 
ready for his greatest venture, the creation of the 
Foundation. He had three extraordinary men to 
help him. Flexner, who was the son of a pedlar, had 
become a doctor after failing as a plumber. Dr. 
Buttrick had been a brakeman on the railways who 
had got his education by entering the Ministry. Dr. 
Kose, who had run the Sanitary Commission, was 
not a doctor of medicine but a philosopher from 
Peabody College. But it was probably Gates who 
had the idea of forming the Foundation when he 
put to Rockefeller the idea of a series of great 
corporate philanthropies for the promotion of 
scientific agriculture, the enrichment of rural life, 
the development of fine arts, the spreading of 
Christian ethics and Christian civilization throughout 
the world and the fostering of intelligent citizenship 
in the United States. 

Gates, as ever, was troubled by the destiny of 
Rockefeller’s great fortune and always thinking of 
the unknown and sinister possibilities it might have 
unless properly controlled. Rockefeller handed over 
to the three trustees 50 millions worth of oil shares 
to start the Foundation. The purposes of. the 
trust were: “to promote the well-being and to 
advance the civilization of the peoples of the United 
States and its territories and possessions and of 
foreign lands; in the acquisition and dissemination 
of knowledge, and in the prevention and relief of 
suffering and the promotion of any or all of the 
elements of human progress’’. 

Rockefeller, wishing to avoid the dead hand, 
would have made the trust deed subject to alteration 
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at the pleasure of the U.S. Congress, believing that 
“the wisdom of living men will always exceed the 
wisdom of any man, however wise, who has long 
since been dead’’. But Congress was suspicious of 
trusts and would not have it. In the end the 
Foundation had to be incorporated in Albany. 

Its policy was to take on projects too large for 
other agencies. The best philanthropy, said Kocke- 
feller, involved a search for a cause, and an attempt 
to cure evils at their source. It excluded individual 
charity. It sought to evoke from the community its 
own recognition of the need to be met and its own 
will to meet it. One of the early lessons was how 
easy it could be for a foundation to run into political 
trouble. When the Rockefeller Foundation wanted 
to investigate industrial relations a United States 
Commission began to investigate whether a line could 
be drawn between the Foundation’s philanthropic 
interests and Rockefeller’s business interests. The 
Foundation decided after this that when it wished to 
do something outside the non-controversial areas of 
medicine, public health and agriculture, it would do 
better to make grants to other agencies and let them 
shoulder the responsibilities. 

The medical story of the Foundation and its cor- 
porate bodies is a thrilling one. One of its successes 
was the drastic limitation of hookworm as @ vast 
menace throughout the world. But this campaign 
had a greater significance than a useful attack on one 
disease. It was made the advance agent of preventive 
medicine. Hookworm was an anzmia-producing 
disease which sapped the vitality and even killed 
millions of people in the hot, moist regions of the 
world. An effective remedy had been discovered, 
but through ignorance and lethargy it was not being 
used. Rose first made a thorough survey to determine 
the geographical distribution of the disease. He 
emphasized tirelessly a principle which has become 
the first principle of other foundations: never to 
move without first getting the facts. 

The second stage was a battle of publicity. Rose 
had to make it dramatically clear that the disease 
could be brought under control. A director of 
sanitation was appointed in eleven States with a 
corps of sanitary inspectors and microscopists. 
Through travelling dispensaries more than @ quarter 
of a million rural homes were inspected, more than 
25,000 public meetings were held and three million 
pieces of literature were distributed. 

All this activity represented a co-operative effort 
between the State and County Governments on one 
hand and Rose’s organization on the other. ‘An 
outside agency’’, Rose wrote, ‘‘can be helpful only in 
so far as it aids the States in organizing and bringing 
into activity their own forces’’. 

The Sanitary Commission became part of the 
Foundation with the title of the International Health 
Board. One of its great campaigns was to tackle 
hookworm throughout the world, and it operated in 
fifty-two countries, always in co-operation with the 
appropriate governmental body. The slogan was ‘“‘a 
partner but not a patron”. Rose abhorred the idea 
of a private organization seeking either power or 
credit for itself. 

It then seemed probable that the same pattern of 
attack could be successful if used on malaria. More- 
over, nations might be induced by the campaign to 
build permanent machinery to deal with the whole 
problem of public health. However, it soon became 
clear that before malaria could be controlled there 
had to be a deeper knowledge of the epidemiology of 
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the disease, and the Foundation undertook extensive 
studies of the natural history of anopheline mos- 
quitoes in many parts of the world. The International 
Health Division of the Foundation has also given its 
attention to typhus, influenza and the common cold. 
It is now, in fact, thirty years since the Division did 
@ seven months study of the common cold in a village 
in a forest clearing of southern Alabama. The work 
here and in other remote spots helped to create a 
wider understanding of the common cold, though far 
greater development of techniques for the study of 
the virus or viruses must be made before there can 
be hope of immunization. 

The story of yellow fever has a special chapter in 
Fosdick’s book. No progress was made in the 
control of the disease until the U.S. Army Commis- 
sion showed in Cuba that a mosquito transmits the 
disease. General Gorgas got rid of yellow fever in 
Havana by his measures against mosquitoes, and 
made possible the building of the Panama Canal by 
similar techniques. But the opening of the Canal 
aroused fears in the Far East that yellow fever might 
be introduced there. Gorgas was made the director 
of the Foundation’s work for the eradication of 
yellow fever. 

The work, however, was based on some wrong 
assumptions, and when the disease seemed to have 
almost vanished it erupted from the jungle of South 
America and created an epidemic in Rio de Janeiro. 
It was now clear beyond doubt that there were carriers 
other than the aegypti mosquito and they breed not 
merely in a few seed-beds but also in the tropical 
forests of the vast hinterland of South America and 
Africa. The thoroughness of the work that was now 
done makes an amazing story. All available forms 
of insect life in the jungle were collected, divided 
into broad groups, ground and filtered. The filtrates 
were inoculated into white mice and monkeys, and it 
was found that yellow fever virus was in several 
species of mosquitoes. Then 2,000 animals of the 
jungle, from mice to wild cats, and birds and snakes 
were trapped, but it was found that monkeys are 
the principal hosts of yellow fever. Contaminated by 
the Africanus mosquito, the monkey in turn con- 
taminates the simpsoni mosquito, which relays yellow 
fever to man. 

It was now essential to develop a vaccine—the 
deaths of the early laboratory workers alone made it 
necessary to find a method of immunization. From 
1937 onwards the laboratories of the International 
Health Department began to produce the new 
vaccine on a large scale. During the Second World 
War nearly 40 million doses were distributed. 

The Foundation’s work for medical education was 
less spectacular but even more radical. Here the 
motivating force was Abraham Flexner’s book on 
“Medical Education in the U.S. and Canada”. 
Flexner, who had visited 155 medical schools, reported 
that not more than half a dozen were adequate. He 
was sent to Johns Hopkins, and the trip launched a 
Foundation programme in medical education which 
was to cost one hundred million dollars. The essential 
thing seemed to be to create clinical departments 
run by doctors who would give all their time to 
teaching, to research and to the care of the patients 
in the teaching hospital. It was when Flexner 
insisted on coming to the help of State universities 
as well as endowed institutions that Gates went out 
of the Foundation, saying that State universities 
were creatures of politics and subject to dictation on 
scientific and economic questions. 
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Obviously it was not possible that even this 
wealthy Foundation could help all medical schools. 
The old Rockefeller principle of building on strength 
would have to be used and the money amassed at 
strategic points. As the schools raised their teaching 
standards the need for trained men for both teaching 
and research became greater, and the National 
Research Council was enabled to provide a system 
of fellowships to assist men qualified for academic 
careers in medicine. The Foundation now turned to 
European medical education, which may have seemed 
rather presumptuous, for a good deal of it was 
superior to that of America. Nevertheless, in Britain 
and France, the laboratory sciences were not system- 
atically integrated, and teaching was subordinate to 
practice in the life of some professors. When Dr. 
Richard Pearce went to London for the Foundation 
in 1919, he found people in the medical schools 
talking about the new unit system of clinical teaching 
which resembled the scheme being tried out in the 
United States. Pearce decided that University 
College offered the best opportunities for developing 
a model medical school, and the Foundation provided 
it with 5 million dollars. Grants were made to 
Cambridge for pathology, to Oxford for biochemistry 
and to the Welsh School of Medicine at Cardiff. ‘The 
Foundation did good work, too, at Strasbourg, at 
Lyons, at Brussels, in Brazil, Canada, Syria, Malaya 
and Siam. 

Later, in the ’thirties, the Foundation tried to do 
for psychiatry what it had done for physical medicine. 
But the term was always thought of as broadly 
inclusive, for it embraced neurology and psychology 
and had its fringes in the social sciences. Support 
for improved teaching in psychiatry was also ex- 
tended to institutions in Europe, and notably in 
Great Britain. The moral atmosphere in which the 
Foundation’s programme in psychiatry was created 
emerges in a statement by Dr. Alan Gregg: ‘“‘First, 
Psychiatry, along with the other natural sciences, 
leads to a life of reason. It explains what must 
otherwise excite fear, disgust, superstition, anxiety, 
or frustration. It breaks the clinches we otherwise 
get into with life and all the unnecessary blind in- 
fighting”’. 

When the Foundation was reorganized in 1928 
the promotion of fundamental science became 4 
primary concern of the Foundation. But, of course, 
this interest had existed long before, and of the 
National Research Fellowships, which had begun in 
1919, they had created, it was said, “the most 
effective agency in the scientific development of 
American life and civilization”. | Moreover, the 
International Education Board had selected the 
natural sciences and agriculture as the two principal 
interests. Rose’s idea was to “begin with Physics, 
Chemistry and Biology; locate the inspiring pro- 
ductive men in each of these fields; ascertain of 
each of these whether he would be willing to train 
students from other countries; if so... provide 
the equipment needed ... provide by means of 
fellowship for the international migration of select 
students to each of these centres of inspiration and 
training’. Rose visited fifty universities in nineteen 
countries in 1923, to inspect, as he called it, “‘ground 
harrowed by war and ready for new seed’”’. The idea 
was to assist those institutions which could best use 
the money. There was no idea of dividing the 
assistance equally. The sole criterion was ability. 

In the "thirties the emphasis passed to biology and 
the application of the quantitative techniques of mathe- 
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matics, physics and chemistry to biological problems. 
In experimental biology the Trustees decided that 
the utilitarian must never be the yardstick ; the test 
must be knowledge. Yet the religious impulse was 
still there. We find the Foundation asking: ‘Can 
we develop so sound and extensive genetics that we 
can hope to breed in future superior men ? Can we 
solve the mysteries of various vitamins so that we 
can nurture &@ race sufficiently healthy and resistant ? 
Can we rationalize human behaviour and create a 
new science of man ?”” Dr. Warren Weaver, by now 
head of the Natural Sciences Department, saw the 
century of biology as one of the great episodes in 
man’s intellectual history. 

It was Beardsley Ruml, director of the Laura 
Spelman Memorial, who moved the Foundation into 
the field of social sciences, with the argument that 
all who work towards the end of human welfare 
are embarrassed by the lack of knowledge which the 
social sciences must provide. It was, he said, as 
though engineers were at work without an adequate 
development of physics and chemistry. The research 
then being done by the universities was largely 
deductive and speculative, on the basis of second- 
hand observations. Ruml said that what was needed 
was to create facilities for research, to increase the 
number of able men working in the field and focus 
the grants on bringing together various disciplines 
of social sciences in the systematic investigation of 
concrete social problems. 

The Institute of Human Relations, which the 
Memorial and the Foundation jointly financed, made 
a weak beginning but later made a significant con- 
tribution to psychology, anthropology and psychiatry. 
When the Memorial was merged with the Foundation 
in 1929, Ruml retired, and Edmund Day, professor 
of economics at Harvard, headed the Division. 

Three major fields of special interest were laid out 
for support—international relations, economic stabil- 
ization and public administration. Efforts were made 
to develop the research resources in universities 
abroad as well as in the United States. Nuffield 
College and the Institute of Statistics at Oxford 
benefited from the Foundation. At Cambridge its 
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funds went to the Departments of Applied Economics, 
and to the Economics Research Section of the 
University of Manchester. Willets, the. new director 
of social sciences, was another Rockefeller official 
who put the emphasis on first-class men: “I would 
break any rule in the book”, he said, “for a chance 
t» gamble on talent’’. 

Dr. Fosdick is one of those who are optimistic 
about the future of the social sciences, though he is 
well aware of their shortcomings. The actual con- 
struction of a genuine science of human behaviour 
still, he says, lies largely in the future. But the new 
directions in which effort is being expended do 
provide significant manifestations for advance. Nor 
has the Foundation neglected humanistic studies. It 
has done much for libraries and for the study of 
Oriental languages, for the drama, for music. It has 
rescued many refugee scholars from Europe (and, 
incidentally, greatly enriched American scholarship 
by so doing). 

The last chapter of Fosdick’s history of the 
Foundation deals with Foundation principles and 
practices. Great advantage, he says, accrues from 
the elastic charter which gives the trustees full 
responsibility for the operation of the organization 
and the use of funds. Money is a feeble offering 
without the study which will make its expenditure 
effective. Once grants are made to responsible groups 
or institutions, no degree of control over the operation 
of the grants should be exercised by a foundation. 
Every social agency, including the Foundation, 
carries within itself not only the seeds of possible 
decay but also a tendency to exalt the machinery of 
organization above the purpose for which the organ- 
ization was intended. The proper objective of a 
foundation, unless created for a particularized pur- 
pose, is to prime the pump, never to act as a per- 
manent reservoir. A foundation easily falls into the 
habit of frittering away its funds in an extensive 
series of small grants—which Gates used to call, 
“the iniquity of retail giving”. Finally, modesty 
becomes foundations because the question of financial 
support in all circumstances requires tact and good 
taste. 


SOIL RESEARCH IN NEW ZEALAND 
THE TAITA EXPERIMENTAL STATION 
By R. H. THORNTON 


HE Soil Bureau of the Department of Scientific 

and Industrial Research, New Zealand, estab- 
lished in September 1952 an experimental station to 
provide for the study of soils under various types of 
vegetation on hilly land. A hill station was selected, 
for it is the soils of hilly and steep land of New 
Zealand, of which there are some 24 million acres, 
that offer the highest potential for increasing primary 
production. 

The Station is at Taita, fifteen miles from Welling- 
ton, and comprises approximately two hundred acres. 
It consists of several steep-sided spurs abutting on 
the main range of high hills flanking the cast of 
the Hutt River valley. The catchments of several 
small streams are enclosed by these spurs. The area 
is little interfered with apart from chance burning 
and is of low natural fertility, which will allow 





various parts to be brought to, and maintained at, 
different levels of fertility. The Station, at present 
mainly under forest and scrub, will consist essentially 
of three parts : a catchment of indigenous vegetation, 
a catchment of exotic (tree) vegetation and an area 
of grassland. The two catchments are in the centre 
of the Station and the area of grassland will surround 
them, serving an added role as a fire-break. This 
arrangement will provide an opportunity for 
studying grass and forest regimes alongside one 
another. The soil type, Taita silt loam, is in the 
moderately weathered, yellow brown earth group of 
soils which are directly related to 9 million acres of 
New Zealand, 4 million more than any other group 
of soils. 

The catchment of indigenous vegetation, an area 
of approximately thirty-eight acres at present in forest 
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Fig. 1. The Taita Experimental Station. Biology building in the foreground, the regenerating native catchment in the background 
and at left centre the start of the grassed firebreak that isolates the native catchment 


and scrub, will be allowed to regenerate indigenous 
forest. Studies are to be made on the ecology of 
regeneration with particular reference to the effect 
of fires on the vegetation. Here soil weathering and 
the loss of plant nutrients from soil under natural 
conditions will be studied. Rainfall measurements 
within and outside the forest will be compared with 
the stream outflow to find the rate of movement of 
water through vegetation and soil and the proportion 
lost through run-off and seepage. Regular sampling 
of rain and stream water for chemical analyses will 
determine the loss of nutrients, which will provide a 
measure of the rate of weathering. It is anticipated 
that, in collaboration with other soil organizations, 
a chain of such catchments will be formed through- 
out the world. 

The exotic catchment of about fourteen acres is to 
be planted in compartments of different exotic timber 
trees, and studies will be made of their effects on soil 
in comparison with indigenous trees on neighbouring 
slopes. Any problems which arise can be studied in 
detail together with treatments. 

Around the two catchments the land is being pro- 
gressively cleared of scrub and replaced by grass. 
Areas of grassland, maintained under various levels 
of fertility, will enable investigations to be made on 
the chemical, physical and biological properties of a 
hill soil under a grass cover. Initial problems are 
associated with the establishment and maintenance 
of pastures on poor hill country in competition with 
the weed shrubs, gorse and blackberry. Fertilizer 
trials have shown the value of incorporating molyb- 


denum with phosphate in obtaining grass—clover 
pastures on this soil type. The slow development of 
this class of land in the past may be found to have 
been due to a lack of knowledge of the importance 
of trace elements. 

The investigations planned for the station are 
many and varied: examination of chemical and 
biological changes following the burning of scrub 
and its replacement by grass have been initiated ; 
studies on soil temperature, moisture and perme- 
ability and the relationship with aspect and vegetation 
will be essential to investigations on run-off problems ; 
plant and soil interactions, tree and grass litters, and 
associated microbiological activities ; the stability of 
hill soils, soil loss and structure changes on slopes 
under the range of conditions availablo, are problems 
planned to be studied. 

The main offices and laboratories of the Soil 
Bureau of New Zealand, at present situated in 
Wellington, are to be moved to Taita in the near 
future. For the present, temporary buildings, in 
addition to containing offices for the Station field- 
staff, and the Officer-in-Charge of Soil Surveys 
(North Island), contain the laboratories of the 
Agricultural Soil Physics Section, and the Biology 
Division of the Bureau. ‘he Soil Physics Section is 
concerned with investigations on the general physical 
properties of soils, particularly structure and mois- 
ture-air relationships. Biological work at the Station 
includes: microbiological investigations of native 
and introduced grassland soils; biochemical studics 
on various soil processes and the organisms con- 
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cerned; assay of soil copper, employing the fungus 
Aspergillus niger; role of mycorrhize in tree 
nutrition, and studies of fertilizer requirements on 
soils employing indicator plants grown under glass- 
house conditions. 

In the past, soil experimental stations have been 
designed to deal with immediate problems, and 
many of the more straightforward have been success- 
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fully solved. Problems are now becoming more 
complex as the soils are utilized more intensively ; 
hence there is a growing need for basic knowledge to 
be able to assess, solve and, in some cases, anticipate 
problems. ‘This new experimental station in New 
Zealand is designed to supply this fundamental 
information and so assist the agriculture and forestry 
of the future. 


A CHALLENGE TO COLORIMETRY 


ae ke Small Physics Theatre at the Imperial 

College of Science and Technology was filled 
to capacity on December 12, 1956, when the 
Physical Society Colour Group held a symposium on 
“Colorimetry : its Mrrors and Accuracy’’. An assess 
ment of the reliability of colour measurements was 
manifestly of great interest, and many industries were 
represented in the audience. 

The problem basically is this: On the trichromatic 
system of colour measurement established in 1931 
by the International Commission on Lllumination 
(C.LE.), @ surface colour can be specitied by its 
chromaticity co-ordinates, 2 and y, and its luminance 
factor 8. Direct measurement of these quantities by 
three-colour matching is too inaccurate for most 
commercial applications, since the matching of lights 
of markedly different spectral composition brings 
out individual differences of colour vision. Other 
methods have therefore been developed, including 
(a) @ six-stimulus visual colorimeter in which an 
approximate spectral energy match is established 
and the effect of observer diiferences therefore 
reduced ; (b) photoelectric colorimeters employing a 
photo-cell in conjunction with selected colour filters 
to give spectral sensitivity curves approximating to 
the three spectral distribution curves of the C.L.E. 
standard observer; and (c) photoelectric spectro- 
photometers in which the spectral reflexion curve is 
measured through the visible spectrum, and the 
colour specification calculated using the colour 
mixture data of the standard observer as tabulated 
by the International Commission on Illumination. 
Yet none of these methods is at present capable of 
specifying a colour to a limit of accuracy that cannot 
be exceeded by the remarkable capacity of the eye 
to discriminate between two colours of nominally 
the same specification, when compared side by side 
in @ good light. 

In principle, the spectrophotometric method gives 
the most absolute specification, since the determina- 
tion of the reflexion factor at each wave-length is 
unaffected by the spectral sensitivity of the observer 
or photo-cell. Nevertheless, the accuracy of the 
result may be limited by the rather small amount of 
light that is sometimes available for measurement, 
and if an integrating sphere is used for increasing 
this amount, then a new uncertainty is introduced 
because the integrated reflexion may differ from the 
more directional reflexion employed in visual exam- 
ination of the specimen. Other possible sources of 
error in spectrophotometry include stray light, finite 
slit-width, limited accuracy of photometric control 
or linearity of photoelectric response, and uncer- 
tainty in the specification of the white reference 
standard. 

The magnitude of these inaccuracies was studied 
by circulating six coloured tiles, supplied by the 





British Ceramic Research Association, to a number of 
research laboratories where reflexion spectrophoto- 
metry is practised, and Prof. W. D. Wright (Imperial 
College) presented a comparison of the results to 
the meeting. In all, ten different instruments had 
been used, including five General Electric (Hardy) 
recording spectrophotometers and five non-recording 
instruments. Two of the latter employed double 
monochromators and three single monochromators. 
The tiles chosen for the test were of various colours 
and, more important, various surface characteristics, 
described as glossy, semi-matt and matt, although 
the polar reflexion curve of the matt tile showed a 
fairly broad specular component. One of the tiles 
had a very low reflexion (of the order of 1 per cent) 
in the green part of the spectrum and it was a tribute 
to the sensitivity of modern photoelectric devices 
that in this case the differences in the results from 
one instrument to another were generally less than 
0-1 per cent in reflexion. For the other tiles, the 
reflexion of which ranged from about 20 to 80 per 
cent, the spread was of the order of 1 or 2 per 
cent. 

It was noted that for five of the tiles, the average 
readings with General Electric recording spectro- 
photometers were 0-5-1 per cent lower than 
the average of the non-recording instruments, and 
this difference was attributed to the inclusion in the 
integrating spheres of the light diffusely reflected at 
large angles to the normal, whereas the non-recording 
instruments collected the light within a fairly narrow 
cone centred around the normal to the surface or, in 
the case of a Beckman spectrophotometer, in an 
annular cone at 45° to the normal. On the other 
hand, in the case of the so-called matt tile, the 
General Electric spectrophotometer readings were 
some 2 per cent higher, apparently due to the 
inclusion of some of the broad specular component 
mentioned above, in spite of the insertion in the 
integrating sphere of the black cap intended to 
absorb the specular reflexion. Some of the other 
differences could be traced to errors in the values for 
the reference white against which the tiles were 
compared. The ultimate standard is, by definition, 
@ white magnesium oxide surface, but the discussion 
revealed some divergence of practice in the prepara- 
tion of such a surface exactly to specification 

On the assumption that the average values from 
the five non-recording instruments were the most 
nearly correct, the measurements made at the 
National Physical Laboratory using a Miiller—Hilger 
‘Uvisir’? double monochromator were the most 
accurate, with the results from the Paint Research 
Station using a Beckman spectrophotometer a close 
second. While the agreement among the different 
instruments was regarded by the instrumentalists at 
the meeting as quite gratifying, the practical colour 
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men made it clear that they needed something a 
good deal better. 

The requirements in industry were discussed in a 
paper by Miss D. L. Tilleard, who described experi- 
ments carried out at the Paint Research Station on 
a@ set of nearly identical panels prepared by the 
progressive addition to a standard paint of small 
amounts of tinting paints of different colours. The 
panels were measured on the Beckman spectrophoto- 
meter and were also compared by experienced 
observers, under good conditions of daylight illum- 
ination, with the panels touching on a long contact 
line. Under these good viewing conditions, chrom- 
aticity differences of 0-0003 or even less could be 
distinguished in a light biscuit series of panels and 
differences of less than 0-01 in luminance factor. 
Commercial tolerances for close matching are larger 
than this, but may still be as small as 0-001 in 
chromaticity. This compares with a precision of 
measurement of the order of 0-0004 in z or y as given 
by the standard deviation of a number of repeat 
measurements with the Beckman spectrophotometer, 
which thus has a differential sensitivity comparable 
with the closest commercial tolerances. 

The same theme was developed further in a paper _ 
by Mr. P. S. Williams (Imperial Chemical Industries 
Paints Division), who compared results on the General 
Electric recording spectrophotometer and Librascope 
computer, the Donaldson six-filter colorimeter and 
the ‘Colormaster’ differential colorimeter developed 
by Glasser at the Dupont Company in the United 
States. When tested on various specimens, the two 
latter gave results in close agreement to each other, 
but differing slightly from the former on account of 
the special illuminating and viewing arrangements, 
to which reference has already been made. Changes 
in the spectral transmission of the filters with tem- 
perature were found to be one source of error in the 
Donaldson instrument, while the highest precision 
with the differential colorimeter (possibly as high as 
the smallest detectable difference by eye) is only 
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Benjamin Franklin Medal of the Royal Society of 
Arts 


THE Council of the Royal Society of Arts has 
established a new award, to be known as the Ben- 
jamin Franklin Medal, which is to be made annually 
“to individuals who have attained early distinction, 
with promise of future achievement, in the promotion 
of arts, manufactures and commerce”. The associa- 
tion of the Medal with the name of Benjamin Franklin 
is due to the fact that it was instituted in the year 
(1956) in which occurred not only the 250th anni- 
versary of Franklin’s birth, but also the 200th 
anniversary of his election to membership of the 
Society. The medal has been designed by Mr. 
Christopher Ironside. The first award of the medal 
is to Prof. F. C. Williams, professor of electrical engin- 
eering in the University of Manchester, “for his 
contributions to electrical engineering’’. 


Prof. F. C. Williams, O.B.E., F.R.S. 


Dr. F. C. WittiaMs, as he then was, joined the 
staff at Bawdsey Research Station from the Univer- 
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achieved when comparison is made between samples 
of fairly similar spectral reflexion. This instrument 
uses & split beam to illuminate a standard and com- 
parison surface, with two photo-cells (plus filters) to 
form a null balance bridge. Mr. J. W. Perry (Hilger 
and Watts, Ltd.) discussed the factors which must 
limit the accuracy of a colorimeter employing fiiter- 
screened photo-cells, with particular reference to the 
Hilger photoelectric tristimulus colorimeter. The 
fundamental difficulty is, of course, to obtain the 
correct sensitivity curves, but except for surface 
colours with irregular spectral reflexion curves, Perry 
considered that an accuracy of + 0-005 could be 
achieved for a very large range of chromaticities with 
the Hilger colorimeter. Used as a differential instru- 
ment, the precision would be very much higher than 
this. 

As the discussion on all four papers developed, one 
of the questions asked was, ‘“‘Where do we go from 
here ?”’ ‘The chairman, Mr. R. G. Horner, promised that 
@ future meeting would be held on colour tolerances, 
to provide an opportunity for the colour industries 
to define in more detail the limits to which they need 
to work and to consider the best form in which 
tolerances should be expressed. One particular point 
which requires clarification is whether the high dis- 
crimination which can be achieved in differential 
colorimetry needs to be matched by a corresponding 
precision and accuracy in absolute colour measure- 
ments. Evidently if the components of some product 
are manufactured at different parts of a works or at 
different times, the manufacturer must control the 
colour of each component to such an accuracy that 
they will appear to match when assembled together. 
Whereas the customer will be able to make a differ- 
ential and highly critical judgment, the manufacturer 
may be denied this advantage during the actual 
production process. In principle, colorimetry is just 
the tool the manufacturer needs to assist him in this 
task. In practice, it looks as if the tool still requires 
some sharpening. W. D. Wricat 
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sity of Manchester in March 1939 and was con- 
tinuously employed throughout the War on the 
development of radar equipment. During this 
period, he was himself primarily responsible for the 
fundamental concepts on which many vital radar 
systems and devices and automatic servo-mechanisms 
were based. Dr. Williams resigned from Government 
service at the end of 1946 and since that time has 
held the chair of electrical engineering in the Univer- 
sity of Manchester. During this post-war period his 
name has become associated with pioneering work 
on automatic electronic digital computers. In this 
field, among his more noteworthy contributions is an 
electrostatic information store, based on cathode- 
ray tube techniques, of extreme elegance and tech- 
nical interest. Indeed, the first commercial high- 
speed electronic digital computer to become available 
in the United Kingdom was fundamentally based on 
Prof. Williams’s cathode-ray tube information store. 
More recently, he has turned his attention to the 
design of rotating electrical machinery and is at present 
working on an original design for an induction motor, 
the speed of which is capable of being continuously 
varied over @ wide range. 



















nis irene 









iples 
nent 
om- 
3) to 
ilger 
rust 
iéer- 
the 
The 
the 
face 
erry 
. be 
vith 


one 
rom 
hat 
ces, 
ries 


Lich 
pint 
dis- 
tial 


ire- 
uct 
at 
the 
hat 
er. 
‘er- 
rer 
ual 
ust 
his 
res 

















Lahids Vinson 








No. 4552 January 26, 1957 


Geological Society of London: Awards for 1957 


Tne Council of the Geological Society of London 
has made the following awards for 1957: Wollaston 
Medal to Prof. Paul Fourmarier, the doyen of Belgian 
geologists, distinguished for his researches on rock 
structure, on the Belgian coalfields and on the 
economic geology of the Belgian Congo ; Murchison 
Medal to Mr. H. G. Dines for his services to economic 
geology, particularly in reference to the metalliferous 
orefield of Cornwall and Devon ; Lyell Medal to Dr. 
S. H. Straw, distinguished for his researches on the 
fauna and stratigraphy of the Silurian rocks and as a 
teacher of paleontology ; Bigsby Medal to Prof. H. B. 
Whittington for his contributions to the knowledge 
of the trilobite fauna of the Lower Paleozoic rocks 
of Britain and North America; Prestwich Medal to 
Prof. J. K. Charlesworth in recognition of the value 
of his researches in the glaciation of the British Isles 
and on his memoir on the Quaternary Era recently 
completed ; Wollaston Fund to Dr. J. R. Earp for 
his work on the Upper Silurian rocks of Wales and the 
Carboniferous rocks of north-west England ; Murch- 
ison Fund to Mr. J. W. Pallister for his contri- 
butions to geological knowledge in the field of 
mineral and oil exploration and of government 
geological survey work in Uganda; moiety of the 
Lyell Fund to Prof. F. H. T. Rhodes for his authorita- 
tive work on the conodont faunas of the Carboniferous 
and Lower Paleozoic, and in recognition of his 
direction of research on a variety of topics both 
stratigraphical and palxontological, with special 
emphasis on palwoecology ; another moiety of the 
Lyell Fund to Dr. T. Barnard in recognition of his 
work particularly in the field of Jurassic and Creta- 
ceous micropalzontology. 


Fuel Research in Great Britain : 
Dr. A. Parker, C.B.E. 


Dr. ALBERT PARKER retired from the post of 
director of fuel research in the Department of 
Scientific and Industrial Research on December 31. 
After postgraduate research at the University of 
Manchester on the combustion and detonation of 
gases and their specific heats at high temperatures, 
he was appointed lecturer in physical chemistry at 
the University of Birmingham. ‘his was followed by 
large-scale investigations for the Institution of Gas 
Engineers and the University of Leeds on carbon- 
ization, water-gas manufacture and the disposal of gas 
liquor effluents. In 1928 Dr. Parker joined the Depart- 
ment of Scientific and Industrial Research as assistant 
director of water pollution research, and later became 
director. Important surveys were made of pollution 
in the River ‘ees and the Mersey estuary. In 1943 
he was appointed director of fuel research and did 
much to improye efficiency in the use of fuel both in 
industry anc ible 2° home, and to abate atmospheric 

o 


pollution. fie Was an acknowledged expert on the 


. world’s fuel resources, and his leadership and energy 
. were invaluable in post-War reconstruction. Among 


Dr. Parker’s many honours were the appointment as 
C.B.E. in 1946, the Osborne Keynolds Medal of the 
Institution of Chemical Engineers and the Telford 
Premium of the Institution of Civil Engineers. He 
was Thomas Hawksley lecturer of the Institution of 
Mechanical Engineers and Melchett lecturer of the 
Institute of Kuel and he received the Reginald Mitchell 
Memorial Gold Medal of the Stoke-on-t'rent Associa- 
tion of Engineers. Dr. Parker has played an active 
part in many professional societies; he has been 
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honorary secretary of the British National Com- 
mittee of the World Power Conference, chairman of 
the Council of the Royal Society of Health and has 
been elected an honorary fellow of the American 
Public Health Association. 

Dr. A. C. Monkhouse, at present deputy director 
of fuel research, has been appointed acting director 
following Dr. Parker’s retirement. 


Royal Society and Nuffield Foundation Awards 
Awarps under the Royal Society and Nuffield 
Foundation Commonwealth Bursaries Scheme are 
announced as follows: Dr. 8S. Basu, reader in 
chemistry, University of Calcutta, to study the 
application of quantum mechanics to the solution of 
problems of chemical reactivity, at Oxford from 
February to July 1957; Dr. E. A. Boulter, member 
of the staff of the Microbiological Research Estab- 
lishment, Porton, Wiltshire, to study the pox viruses 
and the virus of myxomatosis, at the Australian 
National University, Canberra, from March to July 
1957; Dr. J. R. Clarke, university demonstrator 
(animal physiology) in the Department of Agriculture, 
Oxford, to study the cytology of the pituitary gland 
during the reproductive cycle in domesticated 
animals, at the Medical School, Dunedin, for a year 
from August 1957; Dr. D. W. J. Cruickshank, 
lecturer in mathematical chemistry, University of 
Leeds, to study theoretical aspects of the application 
of spectroscopic methods to the determination of 
molecular structures and, particularly, of very 
accurate molecular dimensions, at the National 
Research Council of Canada, Ottawa, for about three 
months from March 1957; Dr. H. J. Heinz, head of 
the Department of Parasitology of the South African 
Institute for Medical Research, Johannesburg, to 
enable him to travel overland to Nigeria in order to 
study ancylostomiasis in West Africa, commencing 
in December 1956 and staying about six weeks in 
Nigeria; Dr. V. R. Rao, reader in physics, Andhra 
University, India, to study spectroscopic techniques 
in cytology at King’s College, London, for three 
months from April 1957; Mr. F. H. Sagar, senior 
lecturer in physics, University College, Auckland, 
to enable him to observe new acoustic techniques at 
the Imperial College of Science and Technology, 
London, and elsewhere in the United Kingdom, for 
about four months from December 1956; Dr. E. 
den Tex, senior lecturer in geology, University of 
Melbourne, to study research techniques and teaching 
methods in structural geology and petrology, with: 
special reference to petrofabric analysis, at several 
centres in the United Kingdom, in March and April 
1957; Prof. F. Walker, professor of mineralogy and 
geology, University of Cape Town (professor of 
geology, Queen’s College, Dundee, from January 1, 
1957), to study magnetism and differentiation of 
dolerite sills in Canberra and Tasmania, for about 
three months from June 1957; Dr. J. H. Warcup, 
senior lecturer in microbiology, the Waite Institute, 
Adelaide, to study the ecology of soil micro-organisms 
in agricultural systems, at Cambridge from October 
1957 to July 1958 ; Dr. J. M. de Wet, senior lecturer 
in mathematics and applied mathematics, Potchef- 
stroom University, to carry out research in statistics 
at the London School of Economics from December 
1956 to July 1957; Mr. J. H. Willis, member of the 
staff of the National Herbarium of Victoria, Aus- 
tralia, to enable him, among other matters, to study 
herbarium technique and the trends of modern 
systematic botany at the Royal Botanic Gardens, 
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Kew, and the Natural History Museum, for a year 
from April 1957. 


Rutherfordiana 


Wirx the permission of the Royal Society of 
London and the assistance of Dr. Ernest Marsden, 
the New Zealand Science Review has been enabled to 
reproduce in full in its August number (18, No. 8; 
1956) the text of the Rutherford Memorial Lecture, 
entitled “The Discovery of Atomic Number’’, which 
Sir Charles Darwin delivered initially during the 
Nelson College centenary celebrations on April 5, 
1956. Sir Charles gives a broad survey of the history 
of the outstanding contributions to the subject, 
including the leading part taken by Rutherford. He 
points out that with the discovery of the neutron 
and several more recent elementary particles, a fresh 
field of science has been opened up, demanding a 
wholly new kind of dynamics the principles of which 
have not yet been found, and he concludes by quoting 
words which Rutherford was fond of uttering in 
connexion with any subject he was working at: “1 
think this is a grand subject; there are so many 
things in it we don’t know”. 

In addition to the Memorial Lecture, the August 
number contains a short article by Dr. Lyndon 
Bastings entitled ““Rutherfordiana’”’, in which he lists 
a@ number of extra items not noted in the biblio- 
graphy of Rutherford’s publications compiled by 
C. M. Focken and published in the Transactions of 
the Royal Society of New Zealand (68; 1938). Dr. 
Bastings has made a comprehensive collection of 
reprints of Rutherford’s articles which has been 
accepted by the library of Canterbury University 
College for safe custody. Dr. Marsden in his intro- 
ductory foreword mentions the existence of two more 
items of Rutherfordiana—a gramophone recording 
of a lecture given by Rutherford at Géttingen, and 
one of the earliest cinematographic records with 
sound film, made at the General Electric Company’s 
laboratory in the United States in the early days of 
combined picture and sound track, of the actual 
spoken lecture delivered by Rutherford. 


Institute of Personnel Management 


REMARKABLE progress in the field of personnel 
management in industry is described in the annual 
report of the Institute of Personnel Management. 
Membership of the Institute is continuing to increase, 
and now consists of some four thousand members. 
Following the decision of the National Coal Board 
to develop its staff department, many personnel 
managers have been appointed throughout the coal 
industry. During 1955, the Institute’s examination 
scheme was launched, and the first candidates have 
already been examined. A joint study undertaken 
with the British Institute of Management and the 
Institute of Cost and Works Accountants is being 
made into the cost of absence from work and labour 
turnover, as well as the most effective means of 
providing financial information to employees. In 
view of the considerable changes—economic, tech- 
nological and social—which have marked the post- 
war period, a study group has been formed to 
examine the new conditions and other implications in 
personnel management thought and practice. 


Living Conditions and Health 


In 1951, a preparatory international conference of 
doctors discussed the possibility of an international 
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exchange of facts and opinions on the effects of living 
conditions on health, with the result that the World 
Congress of Doctors for the Study of Present-Day 
Living Conditions was established and held an inter- 
national conference in Vienna in May 1953. A report 
of this conference, by Dr. Alice Stewart (Oxford), 
appears in the first issue of Health and Living Con- 
ditions (Vienna 1, Wollzeile, 29/3: English edition 
available from Dr. A. Ryle, The Caversham Centre, 
London, N.W.5. Annual subscription, 26s. ; single 
copies, 6s.). The journal is to be published quarterly, 
in English, Chinese, French, German, Russian and 
Spanish. It is edited by Dr. F. Scholl (Austria) 
assisted by an international committee, the British 
representatives on which are Dr. P. D’Arey Hart, 
Prof. L. Penrose and Dr. Alice Stewart. The articles 
in the first number reveal considerable breadth of 
outlook. There are also reports on various symposia 
and conferences. 


The Gower Peninsula 


Mr. Duncan Sanpys, Minister of Housing and 
Local Government, has confirmed an Order estab- 
lishing the Gower Peninsula, Glamorgan, as an area 
of outstanding natural beauty. In this area, which 
is the first of its kind under the National Parks and 
Access to the Countryside Act, 1949, the local 
planning authorities have the special responsibility 
of preserving and enhancing the natural beauty of 
the landscape for the enjoyment of this and future 
generations. The designated area, which is partly in 
the county of Glamorgan and parily in Swansea 
county borough, is known far beyond the boundaries 
of Wales for its beautiful coastline, its rocky lime- 
stone cliffs, sandy bays and coves, and for its 
delightful wooded ravines stretching inland. It is 
particularly important from the recreational point of 
view, because it is so close to Swansea and other 
industrial areas of South Wales, for the population of 
which it has long been a natural playground with its 
attractive coastline and inland walks, and facilities 
for boating, bathing and fishing. The designation 
does not automatically provide any additional free- 
dom of access to private land. 


Marginal Grazing Land in Britain 


THE area of land used for hill and upland grazing 
in Great Britain is 14 million acres, or 3] per cent of 
all agricultural land in the country. The value of 
this marginal land is a much debated question, and 
in Report No. 3 in the series “Studies in Rural Land 
Use”, B. R. Davidson and G. P. Wibberley have 
attempted to sort out the broad facts and put the 
discussion on @ more rational basis (‘“The Agricultural 
Significance of the Hills”. Pp. iv+63. The Secretary, 
Wye College, Ashford, Kent, 1956. 5s. net). The 
important contribution made by hiUssheep and wool 
to the national home supply is b-piaiantly clear. 
The breeding flock of about 4-5 million head provides 
a flow of some 2-5-3 million sheep to the lowlands 
and accounts for one-third to one-half of the sheep 
slaughtered annually in Britain. It also provides 
about one-third of the yearly value of the home- 
produced wool clip. In contrast, the contribution 
in cattle and beef is small, amounting to only 5—7 per 
cent of the United Kingdom production of cattle for 
slaughter. The quantity of milk produced, however, 
though only 3 per cent of the total national 
milk sales, is of considerable monetary value, par- 
ticularly to the small upland farmer. As regards the 
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vexed questions of subsidies and economics, it appears 
that under the existing system hill farming is less 
efficient than its lowland counterpart, but there is 
no evidence that more is being paid to support 
agriculture in the uplands. Some confusion seems to 
exist regarding the purpose of the Government sub- 
sidy, whether the money is intended to be apportioned 
on a basis of efficiency, the amount and value of 
production or as @ means of equalizing net farm 
incomes. From) the present report, it appears that 
only under the first set of conditions is its object 
being achieved. 


Cultivation and Purification of Shellfish 

Two current publications from the Ministry of 
Agriculture, Fisheries and Food incorporate the 
results of recent researches on shellfish at the 
Ministry’s laboratories at Burnham-on-Crouch and 
Conway. Dr. H. A. Cole’s manual on “Oyster Culti- 
vation in Britain” (pp. 45+ 23 plates. London: H.M. 
Stationery Office, 1956. 5s. net) is primarily intended 
for those contemplating oyster-farming, but could be 
read with advantage by all concerned with the 
industry. The first parts describe the areas suitable 
for oyster cultivation, pollution problems and the 
legal aspects. There is then a section on work 
throughout the season, including relaying, collection 
of spat, control of pests, and marketing, while other 
sections deal with making and reclaiming beds and 
the purchase of oysters for relaying. Many potential 
oyster-beds in Britain are being neglected; it is 
hoped that this booklet will provide a stimulus to the 
industry. 

It is well known that mussels and other shellfish 
can be freed from sewage pollution by making use of 
the animals’ own feeding methods to remove harmful 
bacteria. Until now, such treatment has involved 
large-scale processing and a permanent staff, and it 
is gratifying to learn that Mr. N. Reynolds has 
devised a simplified system of purification that can 
be operated by the fishermen themselves (Ministry of 
Agriculture, Fisheries and Food, Fish. Invest., Ser. 2, 
20, No. 8. London: H.M. Stationery Office, 1956 ; 
5s. net). The washed mussels are given three 24-hr. 
baths in shallow tanks of sea-water filled on the 
incoming tide, hosed and packed in clean sacks. The 
bacteriological results have been comparable to those 
of the more expensive method. 


Viruses in Wi!d Plants 

Tue information available on the general dis- 
tribution and frequency pattern of viruses in weeds 
and wild species, some of which may become im- 
portant in crop pathology, is still very scanty. In a 
study of virus in wild plants, W. D. MacClement and 
M. G. Richards (Canadian J. Bot., 34, 5, 793; 1956) 
have found that there are very few species which are 
free from possible virus infection. In comparison 
with this, most flowering plants growing under the 
surface of open water show a low but significant 
amount of virus. The indicated level of virus infection 
varies throughout each summer and from one summer 
to the next, but is often surprisingly high. The total 
annual infection under the conditions employed was 
approximately 10 per cent of the sample population. 
The amount of infection in all plants varies with 
species and location from 0 to 50 per cent. Total 
virus infection appears to be related to the growth- 
rates of plants. ‘lhe types of virus included several 
common to commercial crop plants, many unidentified 
mixtures, and some distinctly new viruses. 





NATURE 183 


Japanese Forestry Research 


In Report No. 3 of the Government Forest Experi- 
ment Station (Meguro, Tokyo, 1953) the forest soil 
survey of an area in the Amaji Mountain Range was 
dealt with (see Nature, 175, 672; 1955), and now 
Reports 6 and 7 continue those soil surveys, hoth 
with an extra brochure of beautifully executed soil 
maps (Tokyo, 1956). The unit dealt with in Report 
No. 6 is situated in the north-western part of the 
Gifu Prefecture in Central Honshu, and the investi- 
gations carried out are on the same lines of Keport 
No. 3. In Report No. 7 each of the seven manage- 
ment units in the basin of the River Yoneshiro, 
Akita Prefecture, were surveyed, and the relationship 
between the soil properties and forest growth is 
discussed. The area is mostly hilly. Tertiary green 
tuff, sandstone, shale and conglomerate occupy 
65 per cent of the area, and liparite, andesite and 
gracite the rest. Annual mean temperature, pre- 
cip:iation, humidity and prevailing wind direction 
received attention. Recommendations are made on 
the regeneration of the forests either by artificial 
means, spruce being considered, or by natural 
regeneration where possible. The Japanese Forest 
Service has been very thorough in these valuable soil 
surveys, which are so essential when large areas are 
either to be afforested or rehabilitated after destruc- 
tive utilization. The maps which accompany the 
reports are of high artistic value. 


An Inexpensive Vacuum Pump 


In the Museums Journal, November 1956, Mr. E. 
Martin Burgess, of the Department of Egyptology. 
University College, London, describes a method for 
constructing a cheap and simple pump for evacuating 
impregnating chambers in remote places where there 
is no source of power. Recently, it was proposed 
that the Nimrud ivories should be impregnated with 
polyvinyl acetate in vacuum jars at Nimrud rather 
than bring them back to England for the operation, 
for however carefully such objects were packed, 
damage in transit would be almost certain to occur. 
Naturally, no water vacuum pump could be used at 
Nimrud. It was therefore necessary to devise a cheap, 
simple, light-weight pump which could be made 
easily. This waz accomplished by adapting a car-tyre 
pump to operate in reverse, replacing the inner tube 
valve on the car wheel by a one-way valve open only 
on the suction stroke. Working details with di 
are given in the paper quoted, and the apparatus 
would doubtless be useful in many instances where a 
water supply of sufficient pressure is not available. 


Direction of Seismological Fault Movement in New 
Zealand 


THE question of the direction of fault movement 
in New Zealand has been considered by G. A. Eiby 
from an examination of the direction of the initial 
movement on seismograms from Karapiro, Welling- 
ton, Cobb River and Kaimata (Seism. Obs. Bull., 
No. S-101 ; 1955). The method used is largely that 
developed by B. Gutenberg in southern California 
(Bull. Seism. Soc. Amer., 31 (4), 263; 1941). In 
this method earthquakes are considered as a group 
when the faults in the region have a reasonably 
uniform alignment. Most of the active faults in New 
Zealand strike north-east. Maps have therefore been 
drawn for each of the four seismological stations 
mentioned above, and each shows the epicentres of 
all well-recorded earthquakes between July 1, 1951, 
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and June 30, 1952, together with the direction of 
initial earthquake movement. A dotted line on each 
map is drawn perpendicular to the direction in which 
the seismograph is orientated, and two full lines are 
also drawn on each diagram perpendicular to each 
other through the station to show the boundaries 
between the regions of compression and dilatation as 
indicated by the initial movement on the seismo- 
gram. ‘The general fault trend is parallel to one of 
these latter two lines. Geological evidence favours 
@ north-east strike. According to this evidence, the 
western side of the faults must in general move 
north-eastwards relative to the eastern side. It is 
now proposed to examine a considerably larger series 
of records and to attempt to distinguish the finer 
details of the regional pattern. 


Extragalactic Studies in the Southern Hemisphere 


In an article on “Extragalactic Studies in the 
Southern Hemisphere” (Occasional Notes Roy. Astro. 
Soc., No. 18; 1956), G. de Vaucouleurs refers at the 
beginning to the unbalance between our knowledge 
of the northern and of the southern sky, which is 
more serious in the field of extragalactic studies than 
in any other branch of astronomy. He then con- 
tinues with a short history of extragalactic studies in 
the southern hemisphere, starting with Halley’s 
expedition to St. Helena in 1679, though none of 
Halley's objects was actually extragalactic, and the 
credit for first observing these must be given to 
N. L. de La Caille during his expedition to the Cape 
in 1751-52. An account follows of J. Herschel’s first 
systematic survey and of subsequent work by others, 
early photographic exploration, and reflector surveys 
of bright galaxies—with two tables, one giving details 
regarding the twelve brightest galaxies irrespective 
of hemisphere, and the other supplying similar 
details of twenty bright southern galaxies lying in 
declination between — 11° 21’ and — 66° 4u’. As 
the Harvard “Survey of Bright Galaxies”’ is still the 
only source of magnitude for southern objects, there 
is urgent need for a photometric survey by modern 
photographic or photoelectric methods of the Shap- 
ley-Ames galaxies in the south to supplement the 
corresponding work by Stebbins and Whitford and 
others for northern objects. It is planned to obtain 
such observations at Mount Stromlo for the objects 
south of dec. — 35°, already covered by the pro- 
gramme of direct photography with the Reynolds 
reflector. There is also need for further work on the 
luminosity distribution in the largest southern 
galaxies; and as the plates of the Reynolds survey 
are photometrically standardized, they provide ample 
material for such studies, especially for the larger 
galaxies. Under the heading of isophotometry, it is 
pointed out in the article that, while a beginning in 
this work was recently made in the northern hemi- 
sphere with the help of automatic recording isophoto- 
meters, there is none in service in the southern 
hemisphere. The latest model of Siedentopf’s iris 
diaphragm photometer with ‘magic eye’ indicator has 
been found to be well adapted to the nearly con- 
tinuous tracing of isophotes on photographs of 
nebule by manual operation; but it gives a satis- 
factory sensitivity only in the bright central regions 
of the nebulz where the gradient of the photographic 
density is large and the effect of the granulation of 
the image is small compared with the variations 
due to nebular details. For this and other 


reasons, ordinary recordings or discrete readings are 
necessary. 
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Higher Technological Education 


In an address on higher technological education 
given to the North of England Education Conference 
at Liverpool on January 3, Mr. A. A. Part, head of 
the Further Education Branch, Ministry of Educa- 
tion, said that State scholarship figures showed that, 
so far as men are concerned, science is now getting a 
reasonable proportion of the best brains and that 
the position in engineering is not discouraging, but 
there is much to be done before the schvvis could 
supply enough good students to enable the univer- 
sities and technical colleges to meet their 1970 com- 
mitments in science and engineering. ‘lhe technica! 
college part-time course leading typically to the 
Ordinary and Higher National Certiticates, which at 
present accounts for about half the annual output of 
5,000 engineers, was likely even in 1970 to supply a 
significant proportion of technologists ; but it is by 
the full-time or sandwich course at a technical college 
that the White Paper policy will stand or fall. At 
least 5,000 technologists should come by this route 
by 1970, in place of less than 1,000 at present. The 
designation of Chelsea Polytechnic and the Lough- 
borough College of Technology brings the number of 
colleges of advanced technology to five, and since 
the White Paper was published a 75 per cent grant 
has been promised to the Faculty of Engineering, 
Bristol. As regards the building programme, £17 
million worth is now under construction and pro- 
grammes for the next three years totalling more than 
£40 million have been approved. ‘lhe Preston 
Education Authority and the governors of the Harris 
Institute have agreed that the Development Group 
of the Ministry should design, in co-operation with 
them, the £500,000 extensions to the Institute which 
are due to be started early in 1958. The planning 
work is now in hand and the benefit of any 
researches or developments emerging from the pro- 
ject would be made generally available. Mr. Part 
believed that the technical colleges would provide 
more opportunities for educational pioneering than 
any other part of the educational system, but he 
stressed the need for closer co-operation with industry. 


Report of the National Central Library 


TuE fortieth annual report of the Executive Com- 
mittee of the National Central Library, covering the 
year ended February 29, 1956, records a marked 
decrease both in applications and in issues of books 
and periodicals. Applications totalled 92,688, com- 
pared with 97,269 in 1954-55, and of these 70-67 per 
cent were dealt with successfully. Issues of separate 
volumes from or through the Library totalled 93,708, 
compared with 100,159 in 1954-55, and of these 
16,890 were to university libraries, 15,723 to county 
libraries, 14,264 to adult classes, 10,382 to special 
outlier libraries, 5,275 to government departments, 
4,476 to industrial and research organizations and 
3,305 to overseas libraries. There are now 255 outlier 
libraries and the number of volumes lent by these 
libraries also fell from 21,256 in 1954-55 to 18,845. 
University libraries lent 26,466 books compared with 
25,291 in the previous year and received 15,091 
books from or through the agency of the Library, 
compared with 17,434 in 1954-55. The number of 
international loans continued to increase: 2,650 
volumes were lent abroad by British libraries and 
1,468 were borrowed on behalf of British libraries 
compared with 2,624 and 1,270, respectively, in the 
previous year, Western Germany remaining the 
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largest borrower (502), followed by Czechoslovakia 
(384) and Hungary (270). France (462), Western 
Germany (309) and Eastern Germany (158) were the 
largest lenders. The special committee formed by 
the Conference convened to inquire into book pro- 
visions for adult classes completed its investigations, 
and considerable progress has been made by the 
Implementation Committee considering methods of 
giving effect to the recommendations on library 
co-operation published in 1954. From January 1, 
1958, the National Union Catalogue will cease to 
record British books included in the British National 
Bibliography, and it is hoped that the regional library 
systerns will then be self-sufficient so far as the 
current material recorded in the Bibliography is 
concerned. Strong support was given to a recom- 
mendation for more liberal interlending of books 
from the reference departments of public libraries. 
Work continued on the Union Catalogue of Russian 
Books and Periodicals, and pressure on the British 
National Book Centre decreased. 


Agricultural Scholarships 

THE Ministry of Agriculture, Fisheries and Food 
is offering @ number of scholarships for courses in an 
agricultural or allied subject, including veterinary 
science, at university departments of agriculture, 
agricultural colleges and farm institutes. The 
scholarships are open to the sons and daughters of 
agricultural workmen and to persons who are them- 
selves bona fide workers in agriculture. Application 
forms, together with full details, may be obtained 
from the Secretary, Ministry of Agriculture, Fisheries 
and Food, Great Westminster House, Horseferry 
Road, London, S.W.1, or from education offices of 
county councils. The closing date for the receipt of 
completed applications is February 28. Selection is 
by interview, no written examination being held ; 
but candidates must be able to satisfy the selection 
committee that they will benefit by a course of 
instruction and that they intend to follow an agri- 
cultural pursuit on completion of their training. 


The Night Sky in February 


FULL moon occurs on Feb. 14d. 16h. 38m. U.1. ; 
new moon does not occur during the month. The 
following conjunctions with the Moon take place : 
Feb. 6d. 23h., Mars 0-8° S.; Feb. 17d. 03h., Jupiter 
6° N.; Feb. 22d. 09h., Saturn 0-0° N. Mercury is 
visible low in the south-east just before sunrise at 
the beginning of the month, but conditions are not 
favourable for observation. Venus is too close to the 
Sun for observation. Mars sets at 0h. 20m., Oh. 15m. 
and Uh. 10m. on February 1, 15 and 28, respectively ; 
its stellar magnitude decreases during the month 
from +0-9 to +1-2 and its distance from the Earth 
increases from 124 to 149 million miles. Mars is 
moving eastwards in Aries, being near 8 Arietis at 
the end of the month. Jupiter rises at 21h. 20m., 
20h. 20m. and 19h. 25m. at the beginning, middle 
and end of the month, respectively, and is visible 
during’ the remainder of the night; its stellar 
magnitude is —2-0, its distance in the middle of the 
month is about 428 million miles. Jupiter is in Virgo, 
moving westwards among the stars. Saturn rises at 
3h. 5Um., 3h. 00m. and 2h. 10m. on February 1, 15 
and 28, respectively ; its stellar magnitude is +0-7, 
and it is moving eastwards in Ophiuchus. Its distance 
from the Earth on February 15 is 955 million miles. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich : 
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Feb. 4d. 20h. 49-6m., 51 Pse. (D); Feb. 10d. 19h. 
51-5m., x? Ori. (D); Feb. lld. Oh. 34-4m., 64 Ori. 
(D). An occultation of Mars occurs on Feb. 6d. 23h. 
51-6m. (D) ; reappearance will be difficult to observe 
at Greenwich owing to the low altitude of Mars. 
(D) refers to disappearance. 


Announcements 

Dr. D. W. Kennarp, of the University of Cam- 
bridge, has been appointed Stothert Research Fellow 
by the ( ouncil of the Royal Society. Dr. Kennard 
will carry out research at the Physiological Labor- 
atory, Cambridge, on the reflex activity of the spinal 
cord. 


Dr. J. T. Eayrs, of the University of Birmingham, 
has been appointed Head Research Fellow from 
October 1 by the Head Bequest Committee of the 
Royal Society. Dr. Eayrs will carry out research at 
the Department of Anatomy, University of Birming- 
ham, on mechanism in neural integration. 


Pror. H. G. Woop, formerly professor of theology 
in the University of Birmingham, will deliver the 
Eddington Memorial Lecture for 1957 in the Arts 
School Lecture Theatre, Cambridge, on February 19. 
The title of the Lecture is ‘““Thought, Life and Time”. 


REcENT developments in hydraulic controls and 
drives will be reviewed at a conference ar:anged by 
the British Iron and Steel Research Association, to 
be held during March 26-28 at Ashorne Hill, near 
Leamington Spa. The chairman will be Mr. W. M. 
Larke, of Stewarts and Lloyds, Ltd. Further details 
can be obtained from the Technical Secretary, Plant 
Engineering Division, British lron and Steel Research 
Association Laboratories, 140 Battersea Park Road, 
S.W.11. 


A CONFERENCE, open to all interested scientists, 
will be held at the time of the fifth annual meeting 
of the editorial board of the Journal of Embryology 
and Experimental Morphology during April 10-13. 
The conference will be held in the Department of 
Anatomy, University of Cambridge, and in the 
Strangeways Research Laboratory. Further informa- 
tion can be obtained from Dr. D. R. Newth, Depart- 
ment of Zoology, University College, Gower Street, 
London, W.C.1. 


Tue International Symposium on Macromolecular 
Chemistry, arranged under the auspices of the Inter- 
national Union of Pure and Applied Chemistry and 
the Czechoslovak Chemical Society, will be held in 
Prague during September 9-15. Prof. O. Wichterle 
is chairman of the organizing committee. The main 
topics proposed for the symposium are (a) physics 
and physical chemistry of macromolecular sub- 
stances, and (b) polyreactions ; further subdivisions 
will be considered. Provisional application forms can 
be obtained from the Symposium Organizing Com- 
mittee, 5 Technické, Prague 6, and they must be 
returned before the end of February. Further 
information can be obtained from Dr. J. C. Bevington, 
Chemistry Department, The University, Birming- 
ham 15. 


In Nature of January 12, p. 77, reference was made 
to the appointment of Mr. H. F. Tremlett as deputy 
director of the British Welding Research Association. 
His present post was wrongly given; he is head of 
the Welding Research Section of the Research and 
Development Department of the United Steel Com- 
panies, Ltd., at Rotherham. 
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HE thirty-eighth annual report of the Common- 

wealth Fund, for the year ending June 30, 1956, 
again stresses its appropriation to the universities to 
assist them in strengthening and improving their 
programmes of medical education. Of total appro- 
priations of 15,140,154.82 dollars, 12,600,000 dollars 
was in unrestricted grants to nineteen universities 
for this purpose, and the report reviews in some 
detail the Fund’s efforts to assist the medical schools 
of the United States during the past ten years. Of 
its total appropriations of about 40 million dollars, 
51 per cent has been for medical education, mainly to 
some forty universities and medical schools, while 
medical research, experimental health services and 
advanced fellowships carried on in universities and 
by various types of organizations account for another 
37 per cent of the total. The principle of giving 
unrestricted grants to universities for medical 
education emphasizes the Fund’s conviction that 
medical education occupies a position of critical 
significance to the future of medicine, that its needs 
are urgent and the opportunities presented of excep- 
tional promise, and this section of the report dis- 
cusses with insight some of the basic problems 
presented by medical education and especially the 
fundamental questions whether medical education 
should continue to be @ university function and the 
objectives of a university that require it to have a 
medical school. 

Besides this new policy of granting unrestricted 
funds to universities for this purpose, grants totalling 
559,723 dollars were made for nine specific projects 
or programmes in this field, of which six were new. 
The University of Vermont College of Medicine 
received a grant to enable the Department of Pre- 
ventive Medicine to offer active leadership in the 
planning and organization of community health and 
medical facilities. A grant to the University of 
Virginia School of Medicine was to provide a pro- 
gramme for more effective care of ambulant patients 
and to assist students in the first year of study to 
learn something of the circumstances in which 
patients came to medicine for help. Baylor University 
College of Medicine received a grant for the purchase 
of television equipment to be used in teaching 
physiology and the State University of New York 
College of Medicine at Syracuse one for training 
pediatric educators which will facilitate a planned 
programme of post-resident experience. 

In medical research, which received 717,546.60 
dollars, the Fund has sought to concentrate its efforts 
in three areas likely to contribute new knowledge 
and increased understanding of man as a total 
organism. Of twenty-five programmes conducted 
during the year with Fund assistance in seventeen 
university medical schools, teaching hospitals or 
research laboratories, ten centred on the long-term 
relationships between chronic disease and social 
environment, the multiple social, emotional and 
physical factors which influence growth and the 
development of personality and pertinent neuro- 
psychiatric problems; eight explored the com- 
plexities of the body’s integrative mechanisms—the 
neurological and the endocrine systems and par- 
ticularly their reaction under stress; and the 
remaining seven were concerned with basic physio- 
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logical phenomena, particularly cellular phenomena. 
To the conventional method of project support the 
Fund has added the policy of fluid subsidies in modest 
amounts to enable individuals or departments of 
recognized distinction and competence to follow in 
any direction promising leads uncovered in their 
current research and develop them to a level where 
they can command project support on their own. 
One such award made during the year was to Prof. 
T. Puck, of the Department of Biophysics, University 
of Colorado School of Medicine, who has recently 
developed a unique plating method which makes 
possible the growing of whole colonies of cells from 
almost every cell. 

Twenty-three fellowships were awarded during the 
yea: for advanced training, study and experience in 
medicine and closely allied fields, totalling 383,310 
dollars, and the Fund this year inaugurated a new 
programme of special awards in support of creative 
work, designed for men of proved scholarly or scientific 
productivity in the health or medical sciences. The 
two awards during 1956 under this programme were 
to Dr. Florence Powdermaker, to complete, in col- 
laboration with Dr. Z. De Fries, research for a 
monograph on a hitherto undescribed type of char- 
acter disorder, and to Dr. Clayton Loosli, professor 
of preventive medicine, University of Chicago, to 
analyse original data collected on the structure of 
mammalian lung tissue and on the origin and develop- 
ment of bacterial blood infection. 

Block grants were made to educational and pro- 
fessional institutions for the education of nurses at 
the master and doctorate levels, and in the programme 
of international fellowships, for which 712,915 dollars 
were allotted, 46 Commonwealth Fellows were 
selected to spend a year of study and travel in the 
United Statee in 1956-57. These included four Home, 
five Dominion and two Oversea Civil Service Fellow- 
ships, and in addition second-year extensions to 
complete their studies were granted to fourteen of 
the forty-five Fellows currently in residence. 


THE BRITISH COUNCIL 
REPORT FOR 1955-56 


HE annual report of the British Council for 

1955-56 (pp. vi+94+6 plates. London, 1956) 
takes the form of a general survey of the year’s 
work, with some impressions of the Council at work 
by its chairman, Sir David Kelly, and an article on 
the teaching of English overseas, together with the 
usual appendixes such as lists of officers and com- 
mittees, analysis of expenditure, statistics of univer- 
sity interchange, overseas visitors, courses and 
lecture tours, etc. More than half the literate 
population of the world speak English as a first or 
second language or use English as an indispensable 
instrument for vocational purposes, or are studying 
the language. In recent years about half the world’s 
output of scientific literature has been published in 
English. Nevertheless, English will not become 
established as a world language without serious and 
systematic encouragement, and the special article 
describes the steps which the British Council is taking, 
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within its limited means, to meet the demand for 
qualified teachers and suitable teaching material. 
This includes direct teaching in twenty-five centres 
and institutes throughout the world, but mainly in 
southern Europe and the Middle East, with an 
aggregate of nearly 20,000 pupils ; co-operation with 
educational authorities overseas, in training and 
advising teachers and in the preparation of syllabuses 
and text-books as well as seconding of officers for 
teaching duties ; assistance to non-official institutions 
engaged in organized teaching of English ; assistance 
in broadcasting English lessons ; provision of facilities 
for overseas teachers to study in the United King- 
dom; and the publication of periodicals devoted to 
the problems of the teacher of English. Of the 
eighteen full-time university posts subsidized by the 
Council at March 31, 1956, in Burma, Germany, 
Greece, Indonesia, Japan, Lebanon, Thailand and 
Turkey, all except one (the visiting professor of 
English literature at the American University of 
Beirut) were in English. 

Travel grants for study visits to the United King- 
dom were made during the year to three university 
teachers or postgraduate research workers from 
Canada, nineteen from Australia, four from New 
Zealand, eight from South Africa, eleven from India, 
and three from Pakistan, while three grants were 
made for similar visits from the United Kingdom to 
Canada, two to Australia, three to South Africa 
and one each to New Zealand, Malaya and the 
West Indies. Visits from British universities to 
universities in 13 European countries during the 
academic year 1954-55 totalled 52, and United 
Kingdom universities received 55 visits from univer- 
sities in these countries. Of the 4,472 overseas 
visitors to the United Kingdom during the year 
under the auspices of the British Council, 1,194 were 
concerned with education, 1,005 with social science, 
874 with science and 817 with medicine, while 5,038 
students were met on arrival, of whom 4,655 were 
from British Colonial territories and 120 from 
Commonwealth countries. Of these, 373 were pro- 
vided with permanent accommodation in British 
Council hostels, 1,242 with transit accommodation in 
such hostels on arrival and 1,611 with temporary 
hostel accommodation while on study or recreation 
visits. Of the lecture tours and advisory visits over- 
seas arranged by the Council, 33 per cent were in 
science, medicine, agriculture and engineering, and 
26 per cent in education, sociology, philosophy and 
law. 

Related to the teaching of English overseas is the 
support given by the Council overseas to British 
schools and schools run on British lines, and there is 
a keen demand for places in schools of this kind in 
many parts of the world. The Council is co-operating 
with the Iraq Government in establishing a new 
secondary school in Iraq on @ site to be provided by 
the Iraq Government and is co-operating with the 
Libyan Government in establishing a new school in 
Libya. An extensive tour of schools in India run on 
the lines of British public schools was arranged early 
in 1956, and the Council is also in close touch with 
similar schools in Pakistan. In student welfare a 
main difficulty has been in securing suitable premises 
to replace the present inadequate Overseas Student 
Centre in Hanover Street. A notable event was the 
conference at Cambridge in July 1955, attended by 
98 university rectors and other delegates from all the 
Western European Union countries, together with 16 
rectors and representatives of other Council of Europe 
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countries which discussed specialization and general 
culture ; the autonomy and independence of univer- 
sities ; the selection, training and welfare of students ; 
and the university and the community. In science 
the Council gives the highest priority to fostering 
closer contacts between overseas specialists and their 
opposite numbers in Britain. During the year, 55 per 
cent of the Council Scholars, $4 per cent of the 
United Nations Fellows, and more than half the 
visits organized under the Foreign and Common- 
wealth University Interchange Scholars were con- 
cerned with scientific subjects. An advanced course 
on radioactive isotopes in the University of Con- 
cepcion, Chile, was organized jointly by the Council 
and the Board of Trade. 

Much of the Council’s overseas expenditure is 
financed from its own earnings in local currency, and 
over the past two financial years only about one- 
third of its net Government grants was spent over- 
seas. Of this £950,000, between one-third and one-half 
was spent in the sterling area. Against this has to 
be set certain invisible exports such as direct earnings 
in foreign currency from United Nations Fellows, 
Colombo Plan trainees, donations for special purposes 
and indirect earnings in foreign currency, such as the 
£300,000 or more spent privately in the United 
Kingdom by students, Council visitors, etc. 

Sir David Kelly’s impressions add to the popular 
appeal of the report and should help to remove some 
long-standing prejudices and misunderstandings. Sir 
David points to a restoration of confidence and the 
resumption of permanent recruitment which has been 
suspended since 1949, but he stresses the inadequacy 
of the Council’s resources for coping with the oppor- 
tunities offered to it, especially in European countries. 


ELECTROCHEMISTRY AND 
ELECTROLYTIC SOLUTIONS 


HE Physical and Inorganic Group of the Vic- 

torian Branch of the Royal Australian Chemical 
Institute held a three-day discussion meeting on 
‘Electrochemistry and Electrolytic Solutions” during 
August 6-8, 1956, in the Chemistry Department of 
the University of Melbourne. The discussion was 
attended by one hundred and fifteen persons. 

The meeting was opened by Prof. R. H. Stokes 
(University of New England, Armidale) with a paper 
on “Electrolyte Solutions’’. The remainder of the day 
was devoted to research contributions. The first, by 
Prof. R. A. Robinson (University of Malaya) and 
Prof. R. H. Stokes (University of New England, 
Armidale), dealt with ‘“‘The Role of Viscosity in Con- 
ductance and Diffusion of Concentrated Electro- 
lytes”. While it is clear that the viscosity is pre- 
dominant in determining conductance and diffusion, 
and the current theoretical expressions of Onsager 
and Falkenhagen require an additional term which 
must approximate to the first power of the viscosity, 
it is not clear what the exact viscosity function is. 
On the experimental side, a description was given of 
Prof. Stokes’s apparatus for measuring transport 
numbers, in which the solutions are analysed con- 
ductometrically both before and after the run, The 
ratio of the conductance of any salt in water to that 
of the same salt in a solvent of different viscosity 
(for example, 10 per cent sucrose, 10 per cent glucose, 
10 per cent mannose in water) is almost independent 
of the electrolyte, but it is not equal to the inverse 
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ratio of the corresponding viscosities. This confirms 
that the first power of the viscosity is not that which 
determines the experimental properties. The next 
paper, by Mr. L. A. Woolf (University of New 
England, Armidale), on ‘Tracer Diffusion of Iodide 
Ion in Concentrated Chloride Solutions’’, dealt~with 
the diffusion-rate of 10 per cent iodide ion in potas- 
sium chloride. This was measured in a porous glass 
diaphragm cell, the iodide ions being titrated 
potentiometrically with silver-silver iodide elec- 
trodes. Good agreement was found with the results 
obtained by the capillary cell method, discussed by 
Dr. R. Mills (Australian National University, Can- 
berra), in his paper “Diffusion Studies in Dilute 
Solutions”. Dr. Mills considered the relative merits 
of the three different methods of measuring diffusion 
rates with radioactive tracers: (a) open-ended 
capillaries, (6) diaphragm cells, (c) capillary cells. Of 
these, open-ended capillaries seem to be “best but 
lead to steadily falling diffusion coefficients. The 
study of the diffusion rate of sodium ivn in sodium 
chloride gives a curve different in shape from that of 
Wang but still showing a shallow maximum with 
concentration. The difficulties of testing the 
theoretical expression for limiting diffusion <o- 
efficient of single ions at low concentration were 
discussed. A new apparatus was described for 
studying diffusion-rates at these low concentrations 
with continuous monitoring of the activity left in 
the capillary. 

Prof. Robinson delivered a paper on ‘Mixed 
Electrolytes”, in which he applied Glueckauf’s 
volume statistics to derive an equation of the Harned 
type for mixed electrolytes. It emerges that «,, and 
%:, can be expressed as functions of parameters 
which depend only on those for pure electrolytes. 
This enables the properties of a mixed solution to be 
calculated approximately from the known properties 
of the constituents. A paper by Dr. H. A. C. McKay 
(Atomic Energy Research Establishment, Harwell) 
on “The Activity Coefficients of Nitric Acid, a Par- 
tially Ionized 1:1 Electrolyte’ was read by Prof. 
Stokes. Dr. McKay pointed out that the activity 
coefficients of nitric acid in water appear to be 
anomalous when compared with those of strong 
electrolytes. Nitric acid solutions were treated tem- 
porarily as ternary systems containing water, ionized, 
and un-ionized nitric acid, and cross-differentiation 
relations were used for relating the experimental 
activity coefficients to the activity coefficients of the 
hypothetical, fully ionized nitric acid. The latter 
were then calculated with the help of spectrophoto- 
metric data, and were shown to lie on a curve similar 
to those of strong electrolytes. 

Dr. M. Spiro (University of Melbourne) discussed 
‘*Transference Numbers of Weak Electrolytes’. For 
iodic acid, the dissociation constant of which is 0-167 
at 25° C., the problems of measurement include the 
choice of @ suitable non-gassing electrode and of 
appropriate indicator electrolytes. Boundaries for 
the HIO,/KIO, system behave normally, but the 
velocities of HIO,/H,PO, boundaries, although 
independent of the H,PO, concentration, increase 
with increasing current. This current variation was 
studied in detail. Iodic acid obeys the Debye— 
Hiickel-Onsager theory as well as do strong electro- 
lytes when the ionic strengths are used in place of 
the concentrations. “The Theory and Properties of 
Polyelectrolytes’” were discussed by Prof. D. O. 
Jordan (University of Adelaide), with particular 
attention to electrostatic potential, colligative prop- 
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erties, and properties dependent on the shape of the 
polyion. The dissociation constant of a polymeric 
acid changes with the degree of ionization. The 
relation between pK and pH is complicated and 
involves the free energy change occurring when the 
charge on a polyacid is changed. This is equivalent 
to evaluating the surface potential of the polyacid. 
The second section dealt with ‘Electrode Pro- 
cesses’, and was opened by a review paper from Dr. B. 
Breyer (University of Sydney). The fine structure of 
the double layer, particularly that pictured by 
Grahame for a mercury surface, was discussed. The 
first research contribution in this session was on the 
“Criteria of Electro-reversibility”’, by Dr. S. Hacobian 
(University of Sydney), who dealt with general 
aspects of reversibility from the thermodynamic and 
kinetic points of view. Particular distinction was 
drawn between the reversibility of electrochemical 
reactions and the reversibility of the electrode 
process. The term ‘reversibility’ of electrode process 
is losing its original thermodynamic significance since 
it frequently refers to a particular set of experimental 
conditions. Mr. D. J. Casimer next delivered a paper 
on “Hydrogen Discharge Catalysis by Organic 
Heterocycles”, with Dr. L. E. Lyons and Mr. A. J. 
Harle (University of Sydney) as co-authors. By 
studying the effects of quinoline derivatives, the 
mechanism of hydrogen discharge can be investigated. 
The catalytic effect of reduced quinolinium ion 
depends on the concentration and the pH, but is 
independent of the area of the dropping electrode, 
and disappears at large negative potentials. The 
results may be explained in terms of adsorption of 
the catalyst on the mercury surface. At negative 
potentials the catalyst is desorbed and the wave 
disappears. The adsorbed catalyst is protonated by 
reaction with the buffer, with production of hydrogen. 
Dr. 8. Hacobian read the paper by Dr. H. H. Bauer 
(University of Sydney) on “Electrode Processes in 
Organic Polarography’. Organic substances are 
adsorbed at the electrode even when the d.c. polaro- 
grams provide no indication of such adsorption. 
Thus a.c. polarography or a similar technique is 
imperative if the full mechanism of the reduction of 
an organic compound is to be elucidated. 
“Electrode Potential Studies in Passivity’’ was the 
subject of the contribution by Mr. W. T. Denholm 
(University of Adelaide). He first described the 
electrochemical techniques employed in the study of 
the properties and mode of growth of passive films. 
The results of an investigation of the passive 
behaviour of iron in a variety of buffer solutions free 
from inhibiting anions were presented. The passive 
behaviour of iron approaches that of the noble metals 
most closely when the pH is about 11-5. It is then 
covered with approximately a monolayer of adsorbed 
oxygen. The film grows by discharge of hydroxy] 
ions on to surface atoms which retain their metallic 
lattice sites. Growth does not begin until the 
potential reaches the level at which ferrous ions may 
dissolve. Mr. K. F. Lorking (Aeronautical Research 
Laboratories, Melbourne) followed with a contri- 
bution on ‘“‘An Experimental Investigation of the 
Double Layer at Working Electrodes’’. An electrode 
of large surface area (in comparison with the volume 
of the electrolyte) is used for producing a significant 
change in concentration of ions participating in the 
double layer process. Gold powder is used as. an 
electrode as it is a soft metal having a thin oxide 
film. Salts with anions which are not strongly 
adsorbed at mercury surfaces are chosen as electro- 
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lytes. Solutions of nitrate, perchlorate and sulphate 
show PH changes as the anode potential is in- 
creased, with variations in the rate of change of 
pH with potential over the potential range corre- 
sponding to oxide formation. These results demon- 
strate the influence of anode potential on the 
distribution of hydrogen and hydroxyl ions in the 
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. electrical double layer. Dr. J. H. Bradbury (Common- 


wealth Scientific and Industrial Research Organiza- 
tion, Wool Textile Research Laboratories, Geelong) 
discussed the ‘Theory of Dead-stop Titration’. 
Particular attention was directed to the titration of 
Fe?* with Ce‘*. The current can be shown by 
thermodynamic argument to be dependent on the 
Fe** concentration, and hence on i/k,, the ratio of 
the current between the electrodes to the diffusion 
constant in Fick’s equation. From graphs of 7/k, 
against volume of titrant the importance of various 
variables can be assessed. Greater accuracy is ob- 
tained by working at low voltages (about 0-010 V.). 
In addition, accurate titrations between 10-* N 
reagents should be possible provided they form 
reversible redox systems, the standard electrode 
potentials of which differ by more than 0-20 V. The 
final paper in this session, entitled “‘Direct Current 
Polarography of the Ferrous—Ferric Systems in the 
presence of Alternating Voltages’, was given by Mr. 
G. 8. Buchanan (New South Wales University of 
Technology). If an a.c. voltage is superimposed on 
the normal d.c. potential, rectification of the a.c. 
current will occur, depending on whether or not the 
electrode process is reversible. Application of this 
principle to polarography of the ferrous—ferric oxalate 
system was reported in some detail, together with the 
results obtained by adding surface-active substances 
such as cyclohexanol. 

The first paper in the third session, concerned with 
applications of electrochemistry, was delivered by 
Prof. D. O. Jordan and was entitled ‘Charge 
Determination in Poly-electrolytes’’. While there 
are a number of possible methods for determining the 
charge on the polyion, only the electrophoretic 
mobility or electrical transport provides information 
which is easily interpreted. The former suffers from 
the disadvantage that the size of the ion is not 
usually sufficiently accurately known. The ionic 
charge can be determined by the method of Huizenga, 
Grieger and Wall (J. Amer. Chem. Soc., 72, 2636; 
1950), using sodium-22 as a tracer to measure the 
change in concentration of sodium in the electrode 
compartment of a Hittorf transference cell. The 
charge on the polyion decreases with decreasing 
polyion concentration down to low concentrations 
and then increases. Mr. E. F. Woods (Commonwealth 
Scientific and Industrial Research Organization, 
Wool Textile Research Laboratories, Geelong) fol- 
lowed with a paper entitled ‘‘The Application of 
Moving Boundary Electrophoresis to the Interaction 
of Proteins with Ions’. Some examples were given 
of the application of the method to the study of 
antigen—antibody and protein—-detergent reactions. 
Difficulties in interpreting electrophoretic effects 
were illustrated with reference to electrophoresis of 
proteins in acids containing amino-acid buffers. Dr. 
J. A. Friend (University of Tasmania) next presented 
& paper in collaboration with Mr. N. K. Roberts on 
“A Polarographic Study of some Wiirster Salts’. 
At the dropping mercury electrode, and at a platinum 
micro-electrode, aromatic para-diamines give well- 
defined anodic waves in solution. Solutions of the 
Wirster salts derived from these give either single 
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waves (entirely cathodic) or double waves with both 
cathodic and anodic components. One electron is 
involved in each step. In “‘Amperometric Titrations 
of Molybdenum and Arsenic’, Mr. G. H. Aylward 
(New South Wales University of Technology) showed 
that molybdates may be determined in concen- 
trations of about 0-3 mgm. Mo/50 ml. (accuracy 
+ 0-001 mgm.) by titrating with lead nitrate in a 
supporting electrolyte of sodium acetate—potassium 
chloride of pH 3-5. At the potential selected, 
— 0-8 V. versus standard calomel electrode, both 
lead and molybdate ions are reduced. Arsenates are 
not reduced in this solution, though they are reduced 
at pH 6-0 if the acetate is free from chloride. 

The last afternoon was devoted entirely to indus- 
trial applications. The first paper was on ‘‘Fused 
Electrolysis’, by Prof. E. C. RK. Spooner (University 
of Adelaide). Lead is extracted from galena at Port 
Pirie by direct electrolysis in molten lead chloride at 
500° C. using bipolar electrodes (Halkyn process). 
The current efficiency increases, and the applied 
voltage decreases with increasing concentration of 
lead sulphide, because of the depolarizing reaction of 
Pb + PbS — Pb,S. This process for obtaining lead 
is potentially quite feasible, but much more work is 
needed before it can be regarded as established. Mr. 
A. 8. Gill (Electrolytic Zine Co., Ltd., Hobart) fol- 
lowed with ‘“‘Some Aspects of Hydrogen Cell Oper- 
ation’. In the commercial production of electrolytic 
hydrogen, resistance losses and over-voltages can 
easily account for 50 per cent of the applied voltage. 
The use of a high operating temperature (75° C.), a 
potassium hydroxide electrolyte and iron cathodes 
with low hydrogen over-voltage helps to reduce these 
losses, while nickel-plated anodes are satisfactory for 
resisting oxidation and solution. Since impurities 
are cumulative, the feed water must be of high 
purity. Zinc, lead and chloride impurities and 
deposition of iron with puncturing of diaphragms 
are the chief troubles encountered. Dr. A. Walkley 
(Division of Industrial Chemistry, Commonwealth 
Scientific and Industrial Research Organization, 
Melbourne) delivered a paper in collaboration with 
Mr. D. F. A. Koch and Mr. H. R. Skewes entitled 
‘Some Problems in the Electro-winning of Copper’’. 
Recent methods of roasting copper—iron sulphide 
ores result in calcines containing oxides and sulphates 
of copper and iron so that, when leachates prepared 
from them are electrolysed, sulphuric acid builds up 
in the circuit. Solutions containing H+, Fe*+ and 
Cut have thus to be stripped of copper before being 
discarded. The deposition of excessive copper from 
such solutions at an economic current efficiency 
presents many problems. The significance of turbu- 
lent and non-turbulent flow in the electrolyte was 
discussed. Small amounts of molybdenum have been 
found to be co-deposited with the copper, causing 
changes in its physical properties. 

A contribution from Dr. C. 8. Hocking (I.C.I.A.N.Z. 
Research Laboratories, Melbourne) followed. The 
theory of ion-exchange membranes was applied to 
a number of industrial problems, including water 
purification, caustic soda production, and acid 
recovery from spent liquors. Dr. M. Spiro read the 
last paper, on “The Effect of Current Density on the 
Transport of Ions through Ion Selective Membranes’’, 
by Dr. T. R. E. Kressman and Mr. F. L. Tye (Per- 
mutit Company, Ltd., Sydney and London), A 
method was described for measuring directly trans- 
port numbers in multicompartment electrodialysis 
cells at current densities and concentration differences 
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similar to those used in practice. At high current 
densities, the ions are transported through ‘Permaplex’ 
0-10 and A-10 membranes faster than they can get 
to the membrane interface. At low current densities 
the transport numbers decrease with decreasing 
current density because concentration diffusion 
partially counteracts the electrical migration. When 
this effect is allowed for, the true transport number 
of the sodium ion in ‘Permaplex’ C-10 in 0-1 N solution 
is found to be 0-98, and its diffusion coefficient 


8-1 x 10-* em.?/sec. J. F. Duncan 


RAINFALL STATISTICS IN THE 
BELGIAN CONGO 


ie standard books of climatology published even 
since 1945 laments are to be found about the 
scanty nature of the data on the rainfall of equatorial 
forest areas. This reproach is now being rapidly 
removed and nowhere more rapidly than in the 
Belgian Congo, where the National Agronomic 
Institute has published during the past few years 
several detailed papers by F. Bultot. In a recent 
publication*, M. Bultot presents the first analysis, 
using modern statistical methods, of the rainfall 
regime in an equatorial continental tropical region 
without @ monsoon wind regime. Rainfall in the 
Congo falls in scattered thundery downpours. The 
data used cover twenty-nine years for Eala in the 
north-west and for varying periods of more than 
twenty years for fourteen other stations in the area. 

The problems investigated are the frequency of 
falls of different intensity, the probability for two or 
more days of rain exceeding 15 mm. to occur in 
succession, and the variation in the intensity of 
rainfall during a shower. It is found that rain of 
more than 0-1 mm. falls on one day in four and that 
the number of days in a year of 15 mm. or more of 
rain is less than ten or more than sixty on less than 
one year in twenty, and the number of days of 
50 ram. and 80 mm. can only exceptionally exceed 
twelve and four, respectively. There is a marked 
annual variation, corresponding to the movement 
with the Sun of the tropical rainbelt, of days with 
15 mm. or more of rain and a much less marked one, 
except in the central Congo where it vanishes, of 
days of 50 mm. or more. 

A very interesting fact is that there is no per- 
sistence of heavy rainfalls. The probability, in fact, 
that 15 mm. or more will fall on the day following 
one with such amount is practically equal to the 
overall probability of a daily fall of that amount. 
In temperate regions there is appreciable persistence 
for rain days as a whole, though the degree of 
persistence for amounts of 15 mm. or more does 
not appear to have been investigated. The daily 
maximum expected to be exceeded only once in ten 
years is about 120 mm. and once in fifty years is 
150 mm. It is pointed out that in Ireland the corre- 
sponding values are 64 mm. and 81 mm. 

Study of a number of individual falls shows that 
the rate of rainfall is heaviest within a quarter of an 
hour from the beginning and rarely exceeds 2 mm. 
per minute. Only about 25 per cent of all falls 


* Publications de l'Institut National pour Y Etude Agronomique du 
Congo Belge: Etude yep ee des jes Intenses en un Point et 
sur une Aire au Congo Belge et au Ruanda-Urundi. (Bureau Climato- 
logique Communication No. 11.) Par F. Bultot. Pp. 90. (Brussels : 

ae National pour I’Etude Agronomique du Congo Belge, 1956.) 
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continue for more than four hours. The common 
opinion that tropical showers almost always occur in 
the afternoon is incorrect. It is found, however, that 
at most places there are relatively few showers during 
the morning. The afternoon showers are shorter and 
more intense than those at night. Finally, in a 
restricted study of area rainfall it is found that over 
areas up to 175 sq. km. the frequencies of a given 
amount diminish exponentially with the area. 

There is no discussion of the synoptic meteorology 
of rain. Perhaps in a future publication M. Bultot 
will investigate such matte.s as the incidence of 
showers or absence of showers over wide areas and 
the corresponding stream-lines of wind flow. 


G. A. Butz 


LVOV GEOLOGICAL SOCIETY 
TS Lvov Geological Society celebrated in 1956 


the tenth anniversary of its foundation. Lvov 

Geological Society is attached to Ivan Franco's State 
University of Lvov, founded in 1661. There the 
teaching of geology began at the end of the eighteenth 
century, when the chair of geognosy and oryktognosy 
was founded, no doubt under the impulse of the 
prevalent Wernerianism. In 1852 a mineralogical 
museum and in 1864 a chair of mineralogy were 
established. The first professor of mineralogy was 
Ferdinand Zirkel (1838-1912), the distinguished 
pioneer of microscopical petrography. It was during 
his residence in Lvov (1864-68) that Zirkel published 
his “Lehrbuch der Petrographie” (1866). 
_ The Lvov Geological Society is now a very vigorous 
institution, comprising more than a hundred and 
twenty members. It is subdivided into a mineral- 
ogical section, presided over by Prof. E. K. Lazarenko, 
and a regional geology section by Prof. O. S. Vyalov. 
There is also a branch at the Chernovtzy State 
University. The principal object of the Society is 
the promotion of the study of geology, petrology, 
mineralogy and mineral deposits of the Western 
Ukraine, as well as other parts of the Soviet Union. 
It is interesting to note, however, that many con- 
tributors to its periodical publication reside in places 
distant from Lvov and even outside the Soviet 
Union, for example, in Bulgaria, China and Bolivia. 
The Society, besides its normal activities, has two 
special functions, namely, the organization of special 
surveys or studies in either pure or applied geology, 
and also of conferences. The Society has already 
undertaken the following surveys: a geophysical 
survey of Lvov region; a geological and geomorph- 
ological survey of certain Carpathian regions; & 
petrographical and mineralogical study of igneous 
and sedimentary rocks; and finally, a@ specially 
organized survey of the Eastern Transbaikal region 
in Siberia. The conferences organized by the Society 
comprise the subjects of tectonics, stratigraphy, 
petrology, economic geology and history of geology. 

The publications of the Society are: (1) Méineral- 
ogichesky Sbornik (Mineralogical Magazine), 
annual volume of some 400 pages containing about 
forty original papers; (2) Trudy (Transactions) of 
Iwov Geological Society, comprising geological, petro- 
leum geology and petrographical series; (3) Geo- 
logichesky Sbornik (Geological Magazine), replacing 
Trudy since 1955; (4) monographs on the petrology 
of the Ukrainian crystalline massif, granite plutons 
of Kazakhstan, migration of oil, tourmaline, bentonite 
clays, the Eastern Transbaikal region and Aldan 
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region in Siberia. The high standard and the quality 
of print and illustrations of these publications are in 
no small measure due to the editorial board presided 
over by Prof. E. K. Lazarenko. ; ; 

Besides these publications of the Society, there is 
also Uchonye Zapisky (Scientific Annals) of the 
University of Lvov, the Geological Series of which 
is edited by Prof. O. S. Vyalov. 

The library of the Society contains more than 
10,000 volumes and is constantly growing, partly due 
to a large number of exchanges with other societies, 
both at home and abroad, 8S. I. TOMKEIEFF 


SOCIOLOGY IN THE UNITED 
STATES 


OLLOWING publication of its “International 

Register of Current Team Research in the 
Social Sciences”, Unesco’s series “Documentation in 
the Social Sciences” is now being extended by the 
addition of three reports covering recent trends in 
economic, political science and sociological research 
in the United States (Unesco: 19 Avenue Kléber, 
Paris, 16°.). In view of the enormous amount 
of social science research that is being pursued 
there, it has been thought most appropriate to give 
a bird’s eye view of general tendencies and pre- 
occupations rather than seek to catalogue in detail 
all that is being done over a given time by every 
serious researcher. ‘These reports have been com- 
missioned from eminent specialists who are in close 
touch with developments and whose accounts con- 
stitute an authoritative guide to progress within 
these three major disciplines. 

The work on sociology has been edited by Hans L. 
Zetterberg, of Columbia University, who traces its 
considerable growth in the past decade. In 1945, the 
American Sociological Society had 1,242 regular 
members; in 1954, 4,350 members—a gain of 250 
per cent. Among about two thousand institutions 
offering instruction on a higher than secondary level, 
about 98 per cent have prospectuses listing courses 
under the heading ‘sociology’. On the average, the 
four-year college offers about a dozen different 
sociology courses. It would appear that at least a 
third of the college population in the United States, 
during one time or another in their college career, 
follows @ sociology course and that about one out of 
ten Americans at the age of twenty has followed at 
least one class in sociology. The bulk of students 
enrolling in sociology courses do so during their first 
or second year of college, that is, at an age between 
seventeen and nineteen. The majority of those 
teaching sociology to undergraduates in American 
colleges are indeed best compared with teachers in 
upper-sixth forms in grammar schools. 

Slightly less than 2 per cent of college students 
choose sociology as their major field of concentration. 
Since there is no established occupation or profession 
of ‘sociologist’, these students select sociology with 
other vocational interests in mind. 

About one-fifth select teaching and one-quarter 
various forms of social work, while one-tenth take up 
personnel work in industry. Many of the courses 
deal with marriage and family life, social problems 
and criminology. The social problems courses are 
not designed to help students ‘solve’ social problems 
but rather to open their eyes to their existence and 
to prepare them for participation in democratic dis- 
cussion of these problems. 
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Some sixty universities offer graduate instruction 
in sociology and grant higher degrees. In 1953, for 
example, 141 Ph.D.s in sociology were awarded by 
these institutions. 

The organization of an American graduate depart- 
ment in sociology shows several interesting contrasts 
with its European counterpart. For example, a 
typical European sociology department has one pro- 
fessor who is the administrative head and who also 
sets the tone for the scholarly orientation of the 
department. An American graduate department, on 
the other hand, contains several professors who do 
not usually represent the same school of thought ; 
in fact, university administrators often make efforts 
to obtain representation from different specializations 
and occasionally even contradictory emphases. This 
gives the student a chance to learn different aspects 
of sociology without having to go to different univer- 
sities. The graduate departments of sociology are 
also centres of sociological research, and most 
sociological projects: undertaken in the United States 
are headed by @ university professor. Most of these 
projects involve a staff of several people in addition 
to the person in charge. The excellence of American 
training in sociology is in no small part due to the 
widespread possibility for students to participate as 
research assistants in projects where they can learn 
this uncodified research tradition. 

Several leading universities have found it con- 
venient to organize separate agencies to handle larger 
aspects of social science research. Some of these 
agencies are adjuncts to the sociology departments, 
such as the Bureau of Applied Social Research at 
Columbia University and the National Opinion 
Research Centre at the University of Chicago; 
others are more independent agencies like, for 
example, the Research Centre for Group Dynamics 
at the University of Michigan. Several of these 
agencies are interdisciplinary in character and practice 
and may include psychologists, anthropologists, 
political scientists and economists. 

The fact that more than one person is involved in 
the typical sociological research project means that 
the long tradition of research by the lone scholar has 
been broken. ‘This type of organization makes it 
possible to complete large-scale projects in a short 
time, whereas the solitary research worker might 
have to spend a long time completing the routine 
office work which constitutes 90 per cent of modern 
sociological research. This organized research 
increases the power of the worker involved ; he can 
undertake larger projects and complete them in a 
shorter time. It also increases the efficiency of the 
research worker, since few sociologists can claim 
excellence in all the varied tasks that enter into a 
project. 

On the other hand, organized research has come 
into conflict with the traditional procedures of 
awarding academic and scholarly recognition, which 
are still based on evaluation of contributions sub- 
mitted by one scholar. 

It is plain that sociological research in the United 
States, precisely because it is organized research, is 
expensive research ; the average sociological project 
probably costs more than the average project in 
history, political science or economics. During the 
past decade the proportion of government support 
has decreased somewhat, while the proportion of 
foundation support has increased. The most im- 
portant agencies have employed prominent socio- 
logists on their staff, and it is the practice among 
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nearly all of them to consult with university socio- 
logists before acting on a proposal. This means that 
academic representatives maintain the main part of 
the control over available funds. 

In Europe it is, on the whole, more difficult to get 
subsidies for research than subsidies for the pub- 
lication of research. In spite of the great amount of 
support for research in the United States, there is 
both proportionately and absolutely little subsidy to 
publish scholarly reports. This means that the 
number of monographic reports published in the 
United States is lower than one would expect in view 
of the total volume of research. Elementary text- 
books appear to be about the only risks that most 
commercial publishers are willing to take. To 
simplify the students’ task of locating important 
articles, a number of so-called ‘readers’ have 
appeared during the past decade which reprint in 
book form a series of articles related to a given topic. 

In a survey of recent research projects in American 
sociology, Zetterberg shows that the common charge 
that sociology merely elaborates the obvious is often 
without justification. For example, it has been 
generally held that insanity-rates have increased as 
society becomes more urbanized and industrialized. 
Goldhamer and Marshall have shown that over the 
past century in the State of Massachusetts there has 
been no such increase. Numerous commentators have 
expressed the view that the rate of social mobility 
has declined over the past decades in the United 
States. The study of intergenerational occupational 
mobility by Rogoff and the study of access to the 
business élite by Keller show no general decline, 
although the avenues to success might be different 
from in the past. It has long been an axiom that 
the rate of social mobility is higher in the United 
States than in Western Europe: examination of the 
available evidence by Lipset and Rogoff fails to 
sustain this belief. Democratic ideologists have 
glorified the voter who first listens to all the argu- 
ments and then makes up his independent mind to 
deliver his vote. The election studies by Lazarsfeld 
et al. and Berelson et al. show that group pressures in 
most cases determine the way the vote is cast and 
that the voter who does not make up his mind until 
the campaign is over is mies to be the least informed 
and the most co 

The rest of the book gives detailed surveys of work 
which has been carried out in the past decade or so 
under the headings of method and theory, social 
institutions and groups, rural and urban sociology, 
sociology of social stratification, criminology, socio- 
logy of ethnic relations and the sociology of mental 
health. 


TRIGONIA: A LIVING FOSSIL 


T the close of the Mesozoic era the bivalve 
Trigonia gradually became less abundant in 
European seas and, to all appearances, soon became 
extinct. Their shells do not occur as fossils in the 
rocks formed during Tertiary time, and geologists 
were convinced that they had died out. Donald F. 
McMichael has described how the French naturalist, 
Peron, who, with his fellow collectors on the voyage 
of the French exploration ship Geographe, found on 
a@ beach in southern Tasmania a shell which seemed 
to be the same as well-known fossils. Back in France, 
the great zoologist, Lamarck, described the shell as 
the first living T'rigonia, calling it 7. margaritacea 
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because of its beautiful iridescent interior (Aust. 
Mus. Mag., 12, No. 3; 1956). 

Two other French naturalists, Quoy and Gaimard, 
who sailed with the Astrolabe, carried out searches 
for @ living specimen. In King George’s Sound and 
in Westernport, Victoria, occasional dead valves 
were found, but none alive. The first was hauled up 
in Bass Strait, among deep-sea animals and debris, 
and this was followed by other living specimens. 
The discovery of these living fossils must have 
excited as much interest at the time as did the 
finding of the first living coelacanth. It was as 
important from the scientific point of view. 

The shells are placed in a separate family, the 
Trigoniidae, which includes a number of ditferent 
genera, and many distinct species. Of these, only 
six are living to-day, and all are found along the 
Australian coast. Later research has revealed that 
the shells do occur as fossils in the Tertiary rocks of 
Australia, where alone they have persisted since 
Mesozoic time. 

The present-day species are placed in the genus 
Neotrigonia. Because of their delightful lustre, the 
common name for them is brooch shells, and they 
are used for shell jewellery. The exterior of the shell 
is marked with a series of radiating ridges and 
nodules, and the hinge ‘teeth’ are large and strongly 
serrated ; these features are characteristic of the 
group. 

All the living species of Neotrigonia occur in fairly 
deep water, between 10 and 100 fathoms, and only 
dead shells are seen on the beaches after storms. 


PHOSPHATE FERTILIZERS 


N a recent publication* by the Organization for 

European Economic Co-operation, results of all 
suitable experiments in Western Europe that compare 
phosphate fertilizers made by processes which 
economize in sulphuric acid with other well-known 
phosphates have been collected and correlated by 
G. W. Cooke. The report is based on summaries of 
work carried out in their countries by rapporteurs 
from the Low Countries, Scandinavia, Austria, 
France, Germany, Italy, Portugal, Switzerland, 
Ireland and the United Kingdom. Occasional refer- 
ence is made to comparable experiments in the 
United States. 

The report emphasizes that the values of altern- 
ative phosphate fertilizers depend on the crops for 
which they are applied ; unprocessed rock phosphates 
are satisfactory, for example, for swedes on acid soils, 
but potatoes make little use of this fertilizer and 
require water-soluble phosphates. The evaluation of 
fertilizers in both pot and field experiments is de- 
scribed, but most of the conclusions are based on 
extensive series of field experiments; results from 
379 experiments with dicalcium phosphate and 537 
experiments with phosphates produced by thermal 
processes are summarized in the report. 

The main classes of phosphate fertilizers discussed 
are dicalcium phosphate, nitrophosphates, phosphates 
produced by high-temperature processes and com- 
pound fertilizers containing ammonium phosphates. 
Powdered dicalcium phosphate dihydrate is equiva- 
lent to superphosphate. Nitrophosphates that con- 

* “The Agricultural Value of Phosphate Fertilizers which economize 
in the Use of Sulphuric Acid”. By Dr. George W. Cooke, Rothamsted 


Experimenta] Station, Project a . ie ( Organization for European 
Economic Co-operation, Paris, 1956.) a 
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tain @ high percentage of water-soluble phosphate are 
also equivalent to superphosphate but those con- 
taining anhydrous dicalcium phosphate have not 
been fully evaluated and are tentatively rated as 
equivalent to three-quarters as much phosphorus in 
a water-soluble form. The better high-temperature 
phosphates, RKhenania phosphate and silicophosphate, 
are approximately equivalent to superphosphate for 
swedes and turnips, but inferior to superphosphate 
for cereals and grass. It is recommended that they 
should be used for purposes where high-soluble basic 
slag is suitable. Ammonium phosphates have gener- 
ally given equivalent yields to superphosphate plus 
nitrogen fertilizer; on acid soils, monoammonium 
phosphate is sometimes inferior to mixtures con- 
taining superphosphate. 
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The report concludes with proposals for future 
investigations. The author emphasizes the need to 
compare the anhydrous and hydrated forms of 
dicalcium phosphate, and to study effects of the 
crystal form of this phosphate. The influence of 
other salts on the behaviour of dicalcium phosphate 
and the physical properties of granular fertilizers both 
require investigation. Further experimental work is 
also needed on the relationship between soil charac- 
teristics and the residual value of different phos- 
phates, which has been inadequately studied, and 
on the conditions under which insoluble phosphates 
can be utilized in neutral and calcareous soils. 

The detailed results on which the report is based 
have been deposited in several libraries, listed in an 
appendix, in most of the countries of Western Europe. 


ANISOTROPIC THERMO-ELECTRIC EFFECTS IN GRAPHITE 


By Pror. A. R. UBBELOHDE, F.R.S., and J. ORR 
Department of Chemical Engineering, Imperial College of Science and Technology, London 


ITHIN recent years the concept! that graphite 

presents a transition between aromatic and 
metallic electrons has been elaborated in a number 
of theoretical and experimental studies. Various 
considerations suggest that graphite is much more 
markedly metallic in one principal direction in the 
crystals, along the a axis, than perpendicular to this 
direction, along the c axis. Structurally, apart from 
lattice defects graphite presents. infinite planes of 
conjugated aromatic electrons along the @ axis, 
whereas along the c axis the macro-aromatic mole- 
cules are merely bound by van der Waals types of 
forces, with a distance of separation of around 
3-35 A. This weaker interaction is accompanied by 
marked anisotropy of a number of physical properties 
related to the electronic interactions. Thus the 
thermal expansions are respectively 6-6 x 10-* along 
the metallic and 26-0 x 10-* along the non-metallic 
directions* in the crystals, compared, for example, 
with about 14 x 10-* and 65 x 10-* for zinc. The 
hardness is > 6-5 Mohs along the c axis and about 
0-5 Mohs along the a axis*. Relative rates of oxidation 
along the @ axis and ¢ axis are in the ratio® 17: 1. 
Magnetic anisotropy is shown by the marked dia- 
magnetism along the c axis‘. Thermal conductance, 
which is mainly due to lattice vibrations, is about 
4-0 watt cm.-! deg. C.-! along the a axis and 0-8 
units along the c axis*. 

These differences are perhaps no larger than 
may be expected for anisotropic crystal structures 
generally. However, a new and striking group of 
phenomena appear when electronic properties are 
examined. The specific electrical resistance has been 
previously measured® and found to be about 3-9 x 
10-* ohm cm. along the a axis and about 0-01 along 
the c axis. It is most significant that the tem- 
perature coefficient of resistance along the a axis is 
metallic in character, and is about 0-009 deg. C.-?, 
whereas along the c axis the crystals behave as semi- 
conductors, with a temperature coefficient of — 0-04 
deg. C.-1. (Some theoretical interpretations* regard 
even the conductance along the a axis as of semi- 
conductor type, but with zero activation energy.) 





These findings lend particular interest to other 
anisotropic electronic properties of graphite. By 
courtesy of the Morgan Crucible Co., we have been 
able to cut appropriate sections from comparatively 
large blocks of material in which the alignment, 
though not perfect, is not far from that for single 
crystals. Using sections about 1-5 cm. long by 
3 mm. square, it is readily shown that the thermo- 
electric power of graphite against copper along the 
c axis is about + 30 uV./deg. C. compared with about 
+ 11 pV./deg. C. along the a axis. 

Measurements of thermo-electric power against 
copper cannot be conveniently extended to very 
high temperatures, for various reasons. However, it 
is perfectly possible to measure the self thermo- 
electric power of graphite to quite high temperatures, 
by forming thermo-junctions between blocks cut 
along the a and c axes respectively. This has now 
been done. The blocks were mounted in electrical 
contact in impervious tubes of mullite with copper 
electrodes at the cold junctions, which were water- 
cooled. Various exploratory researches showed that 
above about 250° C. the presence or absence of even 
traces of oxygen had a critical influence on the 
self-e.m.f. (a/c) of graphite. Using ‘B.O.C. white spot’ 
nitrogen with less than 10 p.p.m. of oxygen to 
exclude air, the self-e.m.f. of graphite has been 
measured up to about 1,200° C. Temperatures were 
measured by chromel/alumel couples in the lower 
regions, and by pyrometry in the higher regions. 
Results up to about 700° C. are quite regular, and 
are illustrated in Fig. 1. Above this temperature, 
despite all precautions, a falling off in thermo-electric 
power was generally observed. There are reasons to 
believe that this falling off was due to adventitious 
oxidation, despite the protective stream of nitrogen, 
since values of thermo-electric power were occasion- 
ally obtained which lay on the prolongation of the 
curve at lower temperatures (not shown). Deliberate 
injection of oxygen into the nitrogen stream depresses 
the e.m.f. The point is possibly of some technical 
importance, since if the self thermo-e.m.f. of graphite 
in the complete absence of oxygen continues to follow 
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Fig. 1. Self thermo-e.m.f. of graphite, a block-c block 


the low-temperature curve, then a/c combinations of 
graphite could form very useful thermo-electric 
junctions at very high temperatures. They might 
even be used for forming micro-power units in special 
circumstances. 

Interpretation of these findings must necessarily 
be provisional at the present stage, but it accords 
with the general view, also based on other anisotropic 
properties, that graphite behaves as a metallic con- 
ductor along the a axis and as a semi-conductor with 
finite energy gap along the c axis. The fact that the 
c blocks are positive relative to the a blocks can 
perhaps be explained as follows : 

The electronic levels along both axes may be 
represented as in Fig. 2A. 

In the combination described, a ‘c’ block/‘a’ block 
junction behaves like a semiconductor-metal contact, 
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provided no n-type impurities are present in the ‘c’ 
block to donate electrons to the vacant conduction 
bands or that there are few such centres compared 
with the number of electrons in the conduction band 
of the ‘a’ block. The topmost filled levels of the ‘a’ 
block will be higher than those of the ‘c’ block. 
When contact is made, these levels will be adjusted 
until no difference exists. 

As the temperature of the ‘c’ block/‘a’ block junc- 
tion is raised, electrons will flow from the ‘a’ to the 
c’ specimen because the work function is less for the 
‘a’ specimen (Fig. 2B). 

The thermo-electric power against copper shows 
that in both blocks the conduction appears to be 
mainly by means of holes in the valence band, with 
@ greater number of holes for movement in the ‘c’ 
direction than in the ‘a’. The origin of these holes 
need not be discussed here. 

In the light of this tentative interpretation, the 
influence of oxygen is significant. It seems highly 
probable that oxygen attaches itself in the first 
instance to all defect sites and free valencies in the 
macro-aromatic molecules which form layers in the 
graphite crystals. As a result, at each group quinone 
electrons are withdrawn from the co-operative 
aromatic pool in each macro-molecule, in @ manner 
well known when smaller aromatic molecules form 
quinones. ‘This raises the work function of the 
macro-quinones in the planes of the macro-aromatic 
molecules so that the thermo-e.m.f. of ‘a’ block 
against ‘c’ block is reduced. 

This interpretation of the effect of oxygen throws 
an interesting light on relative rates of oxidation 

along and perpendicular to the a axis, quoted above. 
The effect of oxygen on the thermo-electric power of 
graphite concords with previous interpretations of 
the effect of electron acceptors in lamellar compounds’ 
as in bromine graphite. 

1 Ubbelohde, Nature, 182, 1002 (1933). 

* Beckhurst, I., Proce. Roy. Soc., A, 102, 340 (1923). Erfling, H. D., 
Ann. Phys., 34, 136 (1939). 

* Values depend somewhat on methods of measurement. ge ge my 
are given by Grisdale, Pfister and van Roosbroeck, Syst. 

J., 30, 271 (1951). 

‘ Krishnan, Phil. Trans. Roy. Soc., A, 231, 235 (1933). 

Se axis. Washburn, Ann. Phys., 48, 236 (1915). Krishnan and 
Ganguli, Nature, ry 667 (1939). a axis. Pirani and Fehse, Z. 
Elektrochem., 29, 168 (1923). Nishiyama, Sci. Rep. Tohoku. Imp. 
Univ., 21, 171 (1932). 

* Coulson, Nature, 159, 265 (1947). Wallace, Phys. Rev., 71, 622 (1947). 

* McDonnell, Pink and Ubbelohde, J. Chem. Soe. (39), 191 (1951). 


THE ALPHA HELIX IN NATURAL AND SYNTHETIC POLYPEPTIDES 


By Dr, F. HAPPEY 
Technical College, Bradford 7 


HE natural and synthetic polypeptides in the 

alpha form give two basic types of X-ray 

am. First, the X-ray diagrams of Bamford et 
al.12,.b from the simple synthetic polypeptides such as 
poly-L-alanine and poly-methyl-L-glutamate show a 
comparatively highly crystalline structure which can 
readily be indexed on a hexagonal lattice, involving 
only one chain per unit cell. A single chain in Fig. 1 
shows @ possible arrangement of the Pauling—Corey* 
helix as the basis of the screw along the fibre axis. 
Secondly, there is the more diffuse alpha diagram, 
found among the synthetic copolymers’, the fibrous 





alpha protein molecules‘ and in certain cases the 
synthetic polymers made from identical monomers of 
large molecular weight, for example, poly-L-glutamic- 
benzyl ester‘. The fibre diagrams from these speci- 
mens are more amorphous in character and the polar 
reflexions consist mainly of strong reflexions ~ 5-2 A.— 
~5-3 A. and ~1-5 A.; and a band of diffuse 
equatorial scatter varying in mean spacing from 
9 A. to 12 A. 

Chain displacement and the Pauling-Corey helix. 
It has been shown that the intense scatter on the 
5-4 A. layer line of the X-ray diagram from the 
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symmetrical polypeptides is associated with the 
single turn of the helix’. It is therefore possible that 
an intense scatter would still be associated with this 
molecular repeat even if the individual chains are 
mutually displaced along the fibre or the side-groups 
of the amino-acid residues of differing molecular 
weight caused the helix to be distorted about its 
“XIs. 

If the latter transformation is applied to the highly 
crystalline lattice structure, then the reflexions on 
the equator of the X-ray diagram showing hexagonal 
symmetry would be replaced by a diffuse band giving 
the mean distance of approach of the chains. Thus 
the more variable the side-chains the more diffuse 
would this reflexion become. In a comparatively 
crystalline protein such as porcupine quill, however, 
there appear to be several apparently unrelated 
equatorial reflexions, particularly 10:5 A. (v.s.), 
9-22 A. (v.s.) and 7-5 A. (weak); in this case it is 
possible that discrete crystalline aggregates of 
differing average residue weights are present®. In less 
crystalline alpha proteins, such as wool and muscle, 
the reflexion is diffuse and has a mean value about 
10 A. 

Effect of molecular displacement parallel to the fibre 
avis. If displacement of molecules occurs in adjacent 
sheets parallel to the fibre axis (), a further smearing 
out of the highly crystalline diagram may occur. 
The symmetry may be reduced to a form which 
would then give rise to (0k0) reflexions if? (A + 9) > 0 
and capable of resolutions when A > 0 andg < (A —?). 

Thus A (max.), the angle between (040) planes and 
that normal to the fibre axis, would be approximately 
determined as shown in Fig. 1, where 
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tan A = h/2D (1) 


that is, with a displacement of half the pitch of the 
helix (h) along the fibre axis, D being the mean 
separation of the chains. For the purpose of this 
discussion, (1) is an adequate approximation to the 
equation’ ; 


sin? ® — cos*« — cos*y + 2cosa.cos$.cosy 
sin? 6 





cos? A = 


Thus the main polar reflexion on the fifth layer line, 
assuming a fibre repeat of 27 A., would be from the 
(050) planes and may in highly oriented samples be 
resolved into a doublet about the meridian. The 
spacing could therefore vary between ~ do) = 
heos(tan- h/2D) as @ minimum value, up to 
some value less than h, which would obtain when 
A-0. 

The 1-5 A. polar reflexion. In all the specimens, 
highly crystalline or otherwise, a polar reflexion of 
approximately 1-5 A. is present, due to the repeat 
of the amino-acid residue along the fibre axis. A 
maximum molecular displacement along the fibre 
axis will influence the spacing of this reflexion only 
slightly ; for example, the maximum displacement 
would be 1-5 A./2 between identical positions in 
adjacent chains, thus the (0, 18, 0) spacing would 
change to a value of 1-5 cos(tan-? 0-75/D). If D = 
10 A., then cos A = 0-997. The reflexion would 
therefore be only slightly smaller than that found in 
the synthetic polypeptides of the t-alanine types, 
but may in highly oriented samples be resolved 
about the meridian. 

Application of displacement theory. There 
are four particular cases to which these 
considerations have been applied : (a) poly- 
L-glutamic-benzyl ester type of structure ; 
(b) synthetic copolymers ; (c) highly crystal- 
line fibrous proteins; (d) normal alpha 
proteins. 

In (a), one might have expected that the 
molecules would form a highly crystalline 
structure. Normally this is not the case, 
and on the X-ray diagrams the polar arc 
at ~ 5-3 A. can be resolved into a doublet 
about the meridian. It would appear that 
the large side-chains may influence the 
mutual displacement of the spiral mole- 
cules parallel to the fibre axis. It is, how- 
ever, possible to recrystallize this fibrous 
structure into a more ordered pattern ; 
but it does appear that the large and 
active side-chains play an important part 
in determining the packing of the chains. 
The copolymers of (6) generally are not 
very crystalline‘, showing an intense and 
diffuse reflexion of 10-12 A. on the equator 
and, as in (a), polar reflexions ~ 5-2 A. 
and ~1-5A. In these polypeptides the 
side-chains cannot be symmetrically per- 
pendicular to the helix for obvious reasons. 
Parallel to it the side-chain displacement 
and A may vary from polymer to polymer ; 
this is shown in the small variations in the 
spacing of the (050) polar ares‘. 

The spacing variation in this polar re- 
flexion has been a difficulty in the com- 


Fig. 1. Diagram showing possible chain displacement of two Pauling- parison between the synthetic polypeptides 
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Corey helices. The hexagonal s etry of the al 
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structures of 
ype ment, which has a 
maximum of half the length of a single turn of the helix parallel to the fibre axis 


in which d050) ew 5-25A. and that in 
proteins of 5:15 A. From this point it is of 
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interest to consider the polar arcs in the X-ray 
diagram of porcupine quill*. The reflexions can be 


identified as a polar are of 5-15 A. (unresolved, since 


@ > 9), spreading to a doublet of 4-9 A. on the same 
layer line. On stretching the fibre to its Hooke’s Law 
limit, the 5-15 A. spacing can be increased to 5-25 A. 
(approximately that found in the synthetic poly- 
peptides) with a consequent increase in the 4-9 A. 
spacing. It is possible, therefore, that the spacing 
variations between 5-15 and 4-9 A. may be related 
to a variation in the angle A due to chain displace- 
ment and particularly to variations in D of equation 
(1) in different components of the structure. The mini- 
mum value of d(59) would be 5-25 cos(tan-! 2-6/7 -6) 
= 4-9 A. In the protein, the helical pitch is ~ 5-25 A. ; 
but Hooke’s Law stretching can increase this to 
~ 5-4 A. of the synthetic polypeptides. It must be 
realized that the foregoing discussion assumes that 
the polar reflexions on the fifth layer line are from 
(00) planes and do not involve reflexions from (hkl) 
planes with d, and d, forming a part of a larger unit 
of repeat perpendicular to the fibre axis. 

In X-ray diagrams of unstretched porcupine quill 
where high resolution has not been obtained, the 
(050) spacing was® approximately 5-05A. This 
diffuse reflexion may on these grounds comprise 4 
superposition of the reflexions (0k0), where d(ox%o) may 
vary from 4-9 to a maximum value of about 5-15 A., 
and on stretching from 5-0 A. to 5-25 A. 

In the keratin—myosin—epidermin-fibrinogen group 
of proteins of lower crystallinity than porcupine quill, 
the previous arguments may equally apply. On the 
X-ray diagram of keratin under tension, the diffuse 
polar arc is 5-15 A. in spacing, and this may be as 
low as 5-05 A. in unstretched protein fibres; but 
there appears little variation in the ~ 1-5 A. spacing 
as would be expected. In these less crystalline proteins 
the helix may be distorted due to side-chain inter- 
action (for example, cystine cross-links), causing an 
apparent small collapse of the helix along the fibre 
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axis. The lattice can, however, be extended elastic- 
ally to approximately that of the synthetic poly- 
peptides. As in the other alpha polypeptides, chain 
displacement parallel to the fibre axis would have 
little effect upon the 1-5 A. polar spacing. It is hoped 
to study the effect of the random displacement of 
the chains in due course, but this is unlikely to cause 
much modification in the general thesis. 

From this it is suggested that there is no reason 
why the helix of the highly crystalline synthetic 
polypeptides should not be similar basically to that 
in the proteins, and that the small variations in the 
spacings of their respective X-ray diagrams can 
possibly be explained. This discussion (outlined at 
the Australian Conference on Wool Technology, 1955) 
is based primarily on symmetry considerations of the 
Pauling—Corey spiral. It will in due course be neces- 
sary to consider its implications for the reflexion 
intensities of the diffuse protein pictures, particularly 
with reference to the coiled-coil structures of 
Crick*®, which may be difficult to apply to regenerated 
alpha protein structures. In its present form, how- 
ever, it does give a possible correlation of the appli- 
cation of the Pauling—Corey helix to all the alpha 
polypeptides, both natural and synthetic. 

‘a Bamford, C. H., Brown, L., Elliott, A., Hanby, W. E., and Trotter, 
I. F., Nature, 169, 357 (1952) ; 171, 1149 (1953). b, Brown, ia; 
and ‘Trotter, I. F., Trans. Farad. Soc., 58, 537 (1956). 

* Pauling, L., and Corey, R. B., Proc. U.S. Nat. Acad. Sci., 
and 729° (1951). 


* Astbury, W. T., and Woods, H. J., Phil. Trans., A, 232, 333 (1933) ; 
“Essays on Growth and Form” (Oxford Univ. Press, London, 


37, 241 


1945). 

* Bamford, C. ae Hanby, W. E., and Happey, F., Proc. Roy. Soc., 
A., 205, 30 (1951). 

5 Cochran, he eos F. H. C., and Vand, V., Acta Cryst., 5, 581 
(1952). 


* Happey, F., Contrib. Inter. Wool Text. Conf. Australia, 1955 (in 
the press). 

* Happey, F., “X-Ray Diffraction by Polycrystalline Materials’’, 486 
(Inst. of Phys., London, 1954). 

* Astbury, W. T., and Woods, H. J., Phil. age Me 232, 333 (1933). 
Happey, i " thesis, University ‘of Leeds, 19 

* Crick, F. H. C., Acta Cryst., 6, 685, 689 (1953). 


BIOSYNTHESIS OF ERGOTHIONEINE 


By Dr. H. HEATH and JENNIFER WILDY 
Department of Chemical Pathology, University College Hospital Medical School, London, W.C.| 


RGOTHIONEINE was first discovered! in the 
sclerotia of the ergot fungus, Claviceps purpurea, 
but has since been found to occur in blood?, semen* 
and various other mammalian tissues, principally 
liver and kidneys‘. It does not appear to be bio- 
synthesized by animals’. Conditions have been 
found, however, in which biosynthesis of ergothion- 
eine occurs in shake cultures of C. purpurea*’. 
This made possible the study of the biosynthesis 
of ergothioneine by radioisotope techniques. Through 
the incorporation of 2-1*C-acetate into ergothioneine 
by this fungus, it was shown®’ that the main con- 
tribution of acetate was in the provision of one-carbon 
fragments for the imidazole C-2 and the methyl 
carbons of the betaine. The five-carbon chain was 
not derived from glutamate. Histidine labelled with 
carbon-14 and isolated from the same growth showed 
a pattern of labelling almost identical with that in 


Table 1. COMPARISON OF THE DISTRIBUTION OF RADIOACTIVITY IN 

HISTIDINE AND IN IMIDAZOLEPROPIONIC ACID DERIVED FROM ERGO- 

THIONEINE ISOLATED FROM THE SAME CULTURB OF Claviceps purpurea 
GROWN ON A MEDIUM CONTAINING 2-“C-ACETATE 





| Radioactivity as percentage of total in: | 
Imidazole propionic acid | 
| 








Carbon atoms Histidine 
| 2, 4, 5, 6, 7, 8 100-0 100-0 
| 2 79-1 81-0 | 
| 4, 6, 6,.7, 8 | 20-9 19-0 
4, 5, 6, 7 27..] 11:7 
| 73 
| 


8 | 82 | 





imidazolepropionic acid, the corresponding six-carbon 
compound derived from the biosynthesized ergothio- 
neine. This is shown in Table 1 


The numbering convention (see below) which we 
have adopted’ is the same as that used by Westley 
and Ceithaml® for histidinol. 
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Table 2. DISTRIBUTION OF RADIOACTIVITY IN ERGOTHIONEINE 'SOLATED FROM CULTURES OF Claviceps purpurea GROWN ON MEDIA CONTAINING 
VARIOUS “C-LABELLED PRECURSORS 
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2-“C- Acetate 7-“C-Histidine (side-chain) 2-“C-Histidine (ring) 
| Carbon atoms 
| Activity* Percentage Activity* Percentage Activity* Percentage 
<2 €7.& 3h wm 4,476 100-0 14,220 100-0 6,900 100-0 
9, 10, 11 1,500 33-5 0 0 82 12 
4, 5, 6, 7,8 565 12-6 14,301 100°6 0 0 
2 2,411 53-9 0 0 6,554 95-0 


























* Total counts per min. at infinite thinness. Samples were counted as 1 sq. cm. areas of barium carbonate with an end-window Geiger- 
Miller tube and corrected for background, self-absorption, coincidence and variations in counting equipment. 


B a 
4 5 6 7 8 
CH=C—CH,—CH—COO- 
sk NH 
a a 
C2 
bn 

We now wish to report briefly on the utilization of 
labelled histidine by C. purpurea for the biosynthesis 
of ergothioneine. The growth of the fungus on a 
chemically defined medium and the methods used for 
isolation and degradation of ergothioneine were 
essentially as described previously’, except for the 
oxidation of formic acid. This was carried out with 
acid mercuric sulphate after distillation of formic 
acid from the acidified reaction mixture. a-!4C- 
histidine (side-chain) and 2-*C-histidine (ring) were 
used in separate growth experiments and the dis- 
tribution of isotope in the ergothioneine isolated from 
these cultures is shown in Table 2. Figures, which 
have been reported previously’ for the isotope 
distribution in ergothioneine isolated from cultures 
grown in the presence of 2-'*C-acetate, are also given. 

The results of the acetate and histidine experiments 
clearly show that ergothioneine is formed from 
histidine. 

In previous communications® we reported that 
ergothioneine and histidine isolated from a culture of 
C. purpurea grown on @ medium containing 2-*C- 
histamine (ring) were completely inactive, showing 
that histamine, although a normal constituent of 
ergot!®, was not a precursor of ergothioneine in this 
fungus. 

The results of the histamine (ring) and histidine 
(side-chain) experiments show that the fungus 
appears to be specific in its requirement for the five- 
carbon chain of histidine, and is not capable of 
utilizing @ closely similar labelled imidazole com- 


N(CH,), 


11,10,9 


pound without the appropriate side-chain. The 
acetate and histidine (side-chain) experiments did 
not establish the direct incorporation of the intact 
imidazole ring of histidine into ergothioneine. The 
possibility existed that ring fission could have occurred, 
followed by re-incorporation of a one-carbon com- 
pound linked through sulphur such as the —SCH, 
group of methionine. 

During growth of the fungus on a medium con- 
taining 2-'*C-histidine (ring), a small amount of ring 
fission of the labelled histidine occurred, as slight 
activity was detected in the methyl groups of the 
betaine of ergothioneine. The very high labelling in 
the imidazole C-2 of this ergothioneine showed con- 
clusively, however, that intact histidine had been 
incorporated into ergothioneine. The mechanism of 
the further steps involved, namely, sulphuration and 
N-methylation, is now being studied. 

Melville** has reported briefly that radioactive 
ergothioneine is formed when Neurospora crassa is 
grown in the presence of labelled histidine. 

Full details of this work will be reported elsewhere. 
We are grateful to Prof. C. Rimington for his interest 
in this work. We wish to thank Messrs. Burroughs 
Wellcome for @ generous gift of ergothioneine and 
the University of London Grants Committee for the 
provision of equipment for radioactive counting. 
*Tanret, C., J. Pharm. Chim., Paris, 30, 145 (1909). 

* Hunter, G., and Eagles, B. A., J. Biol. Chem., 72, 123 (1927). 

* Mann, T., and Leone, E., Biochem. J., 53, 140 (1953). 

‘ Melville, D. B., Horner, W. H., and Lubschez, R., J. Biol. Chem., 
206, 221 (1954). 

* Melville, D. B., Horner, W. H., Otken, C. C., and Ludwig, M. L. 
J. Biol. Chem., 218, 61 (1955). Melville, D. 'B., Otken, C.'C., and 
Kovaienko, V., J. Biol. Chem., 216, 325 (1955). Heath, H., 
Rimington, C., and Mann, T., Biochem. J. 65, 369 (1957). 

* Heath, H., and Wildy, J., Biochem. J., 63, 1 P (1956). 

* Heath, H., and Wildy, J., Biochem. J., 64, 612 (1956). 

* Westley, J., and Ceithaml, J., J. Biol. Chem., 219, 139 (1956). 

* Wildy, J., and Heath, H., Biochem. J., 63, 32 P (1956) ; 65, 
220 '(1957). 

1° Barger, G., and Dale, H. H., J. Chem. Soc., 97, 2592 (1910). 

= att D. B., Eich, S., and Ludwig, M. L., Fed. Proc., 15, 314 


FILL AND CARCASS CHANGES OF YARD-FED AND OUTWINTERED 
BEEF CATTLE TURNED ON TO SPRING PASTURE 


By J. C. TAYLER, F. E. ALDER and J. E. RUDMAN 


Grassland Research Institute, Hurley, Berkshire 


ATTLE turned on to spring pasture commonly 

A show losses in live weight or low rates of gain 
during the firsts few weeks. This check has been 
observed to be greater in yard-fed cattle than in 
those outwintered and has been reported under a 
variety of feed conditions'. In spring 1956 the effect 
was measured of four winter treatments on the live 


weight, fill and carcass weight of forty-eight Hereford- 
cross bullocks turned on to spring pasture. 

During January-April four groups of twelve 
bullocks 2-2} years old of similar initial mean weight 
were fed in separate lots. These four winter feeding 
treatments were designated, according to place and 
plane of feeding, ‘yard high’, ‘yard low’, ‘pasture high’, 
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Table 1. 
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GAIN IN LIVE WEIGHT AND CALCULATED WARM CARCASS WEIGHT ON SPRING PASTURE FOLLOWING DIFFERENTIAL WINTER TREATMENT 
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Gain in weight on spring pasture (Ib. per head) 





Winter treatment Mean live weight April 25-May 16 


May 16-—June 6 Total in six weeks 





April 25 
(Ib.) 


January-April 1956 


Live weight | Carcass weight 


Live weight | Carcass weight | Live weight | Carcass weight 





Yard high 
Yard low 
Pasture high 
‘Pasture low 


1,122 
949 68 
1,100 10 
996 75 





69 66 
155 91 
99 71 
157 98 














No. of bullocks per ee 
treatment 12 




















‘pasture low’. Silage, hay and straw were fed in 
weighed quantities from the same source to yard and 
pasture groups. The high-plane group received a 
greater proportion of silage to straw than the low-plane 
group, and a daily supplement of 6 lb. per head of 
crushed oats. Little grazing was available on the 
holding paddock for the pasture groups until grass 
growth began in March. The yard groups were 
sheltered in a cattle yard with a high roof. The 
approximate mean live-weight gain from January to 
April was 1} ewt. for the high groups and } cwt. for 
the low groups. 

An initial slaughter sample of four bullocks was 
taken from each of the four winter treatments on 
April 25 and 27, 1956. The remaining thirty-two 
bullocks were turned together on to a cocksfoot- 
dominant grass/clover ley, with the winter treatment 
groups equally divided between two spring manage- 
ments, strip grazing and rotational grazing. After 
three weeks, a second slaughter sample, two from 
each treatment combination, was taken. The remain- 
ing sixteen bullocks were grazed for another three 
weeks before slaughter on June 6 and 8. At each 
date, the same procedure was followed. After 
weighing from the field or yard at four hours after 
sunrise*, the sample bullocks were slaughtered about 
three hours later. Total contents of stomachs and 
intestines were weighed, and the measured loss in 
live weight on the journey to the abattoir was added. 
This gave a figure for weight of fill at four hours 
after sunrise. 

The live-weight changes followed the pattern 
already observed in yard-fed and outwintered cattle, 
but were smaller than in some years. After turning 
on to spring pasture the mean live weight of all 
groups fell, reaching its lowest point after 4-6 days ; 
in this period the loss ranged from 54 lb. per head 
for yard high to 2 lb. per head for pasture low. The 
weights increased from this point to show a live- 
weight gain of 5~75 lb. in the first three weeks, the 


TABLE 2. WEIGHT OF FILL aT Four HouRS AFTER SUNRISE 
Treatment mean, lb. per head* 





Slaughter 3 
(from pasture) 
June 6 and 8 


Slaughter 1 
(from 
winter feed) 
April 25 
and 27 


Slaughter 2 
(from pasture) 
May 16 and 18 


Winter 
treatment 
1956 





Strip | Rotation| Strip | Rotation 
178 
185 
180 
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Yard high 
Yard low 
Pasture high 
Pasture low 


No. of 
bullocks per 
treatment 2 





























* Treatment means are adjusted by covariance to allow for differ- 
ences in initial weight of bullocks. 


low groups gaining much more than the high (Table 1). 
Live-weight gains in the second period were high, 
some exceeding 4 lb. per day. Total gain was higher 
in the low groups than in the high. 

At the first slaughter, the yard groups gave a 
slightly, but not significantly, higher mean weight of 
fill than the pasture groups (Table 2). The latter 
were by this time obtaining a proportion of their feed 
from grazing, were refusing straw and eating less 
hay. The second slaughter sample showed that, in 
general, there was a loss of fill after three weeks on 
spring pasture. The fill of the low groups at this 
second slaughter was on average 15 lb. higher 
(0-05 < P < 0-1) than that of the high groups. 

This could have been due to a higher rate of 
pasture intake by these bullocks following a low 
winter plane of feeding. At the third and final 
slaughter in June, weights of fill were higher than in 
May, and of the same order as those in April. Strip 
grazing gave a higher mean fill (0-01 < P < 0-05) 
than rotational grazing. The higher weight of fill in 
these cases may be partly explained by increasing 
‘stemminess’ of the herbage in the second three-week 
period, particularly evident under the strip manage- 
ment. 

From the dressing-out percentage of the slaughter 
sample, the carcass weights of bullocks remaining 
after each slaughter were calculated, to make possible 
an estimate of their subsequent carcass gains. The 
high groups showed a carcass increase of 24 lb. and 
32 lb. per head, in the period when their live-weight 
gains were 10 Ib. and 5 lb., respectively (Table 1). 
Gains were only slightly greater in the second three 
weeks than in the first. In rate of carcass gain over 
six weeks there was little difference between yard 
and pasture groups. The low groups, however, gained 
40 per cent more than the high groups. Their carcass 
gains confirm the findings of many authors, for 
example, Hughes et al.*, that rapid live-weight 
recovery follows periods of low nutrition. 

The patterns of live-weight change observed in 
this experiment can be explained in terms of both 
fill losses and carcass gains. The big changes in fill 
suggest that the economic importance of spring live- 
weight losses may be over-estimated, although severe 
scouring may give a greater check to carcass gain 
than was observed in this experiment. Such large 
fill changes are important in evaluating live weights 
of experimental stock. Fecal analyses suggest that 
both the fibre content in the ration and the rate of 
intake are related to fill. Further work is planned on 
these and other factors which may contribute to such 
losses, and full results will be reported else- 
where. 

* Campbell, J. B., Canadian Cattlemen, 11 (October 1955). 
* Tayler, J. C., Proc. Brit. Soc. Anim. Prod., 1 (1954). 


* Hughes, G. Pearson, Alder, F. E., and Redford, R. A., Emp. J. of 
Exp. Agric., 23, 145 (1955). 
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The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous « ons 





Activation of Amino-acids by Soluble 
Enzymes from Pancreas and Other Tissues 
Last year, Hoagland! reported that he had obtained 

from rat liver a soluble enzyme preparation which 
catalysed the formation of amino-acid hydroxamates 
when incubated with a mixture of twelve amino- 
acids in the presence of adenosine triphosphate and 
hydroxylamine. He suggested that this type of 
carboxyl group activation might be a first step in 
protein synthesis. In a later paper with Keller and 
Zamecnik*? he reported partial purification of act- 
ivating enzyme from liver. 

We were able to repeat the work of Hoagland et al., 
and having regard to the possible importance of 
these enzymes for protein synthesis we examined the 
distribution of amino-acid - activating enzymes in 
several mammalian tissues. Enzyme activity was 
estimated by measuring the amount of amino-acid 
hydroxamate formed from a mixture of twelve 
amino-acids as described by Hoagland, Keller and 
Zamecnik*, The enzyme preparation was the super- 
natant obtained by centrifuging a homogenate of 
tissue (1 part) in 0-05 M potassium chloride (1-5 parts) 
at 100,000 9 for 45 min. Results are given in Table 1. 


Table 1. RELATIVE ACTIVITY OF DIFFERENT TIssUE EXTRACTS IN 
ACTIVATION OF AMINO-ACID CARBOXYL GROUPS 




















Guinea pig muscle 





Tissue Hydroxamate formed 
(,mole,mgm. protein;hr.) 

Rat liver 0-03 
Rabbit liver 0-02 
Guinea pig liver 0-03 
Chicken liver 0-02 
Rat kidney 001 
Rabbit kidney 0-02 
Guinea pig kidney 0-01 
Chicken kidney 0-02 
Rat pancreas 0-04 
Guinea pig pancreas 0-05 
Rabbit muscle 0-02 

0-02 

0-04 








Guinea pig gut 








From these results, it was clear that amino-acid - 
activating enzymes are widely distributed in mam- 
malian tissues and that pancreas was likely to be a 
good raw material for further purification. 

It was found that an active enzyme could be 
obtained from guinea pig pancreas by dilution of 
the centrifuged supernatant with twelve times its 
own volume of 0-05 M potassium chloride, adjust- 
ment of the pH to 4-8 and centrifugation. The pre- 
cipitate was redissolved in trishydroxymethylamino- 
methane buffer at pH 7-6 and tested for its ability 
to activate single amino-acids or groups of chemically 
related amino-acids ; the results are shown in Table 2. 

From these results, it was clear that guinea pig 
pancreas was rich in enzymes activating serine or 
threonine and histidine or tryptophan. Tests on the 
individual amino-acids showed that the pH 4:8 
enzyme activated serine, threonine and tryptophan 
but was inactive towards histidine. 

By fractionation with ammonium sulphate, the 
enzyme activating serine and threonine could be 
partially separated from that activating tryptophan. 
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Table 2. ACTIVATION OF AMINO-ACIDS BY pH 4-8 ENZYME FROM 
GUINEA PIG PANCREAS 








Amino-acid Hydroxamate formed 
(umole/mgm. protein/hr.) 
Valine + leucine + isoleucine 0-008 
Serine + threonine 0-010 
Arginine + lysine 0-003 
Histidine + tryptophan 0-030 
Methionine 0-005 
Phenylalanine 0-007 
Mixture* 0-104 














* The complete mixture contained alanine, valine, leucine, isoleucine 
ar oe: wg threonine, serine, histidine, arginine, iysi ine and 
ryptophan 


Starting with the pH 4-8 enzyme, serine—threonine 
activation was predominant in protein separated 
between 0-35 and 0-55 saturation with ammonium 
sulphate (0-125 umole/mgm./hr. for serine and threo- 
nine and 0-09 pmole/mgm./hr. for tryptophan), while 
the protein precipitated between 0-55 and 0-8 
saturation was mainly tryptophan-activating enzyme 
(0-19 yumole/mgm./hr. for tryptophan and 0-06 
ymole/mgm./hr. for serine and threonine). 
Working on a larger scale, it has been possible to 
use sheep or ox pancreas and to prepare a stable 
acetone powder. By ammonium sulphate fractiona- 
tion of an extract of this powder, an enzyme prepara- 
tion has been obtained which is specific for L-trypto- 
phan, stable to dialysis and which requires magnesium 
ions and adenosine triphosphate. 
It seems likely from the results of Keller and 
Zamecnik® that these amino-acid - activating enzymes 
play a part in protein synthesis, but the distribution 
of enzyme activity towards different amino-acids 
seems to be characteristic of the type of tissue used 
as source of enzyme; thus, Hoagland, Keller and 
Zamecnik*, using rat liver, found a quite different 
distribution of activity from that shown in Table 2 ; 
moreover, Demoss and Novelli‘ reported that a 
similar enzyme preparation from micro-organisms 
showed no activity towards serine or threonine. 
R. D. Cote 
J. CooTE 
T. S. Work 

National Institute for Medical Research, 

London, N.W.7. 
Dec. 21. 
1 Hoagland, M. B., Biochim. Biophys. Acta, 16, 288 (1955). 
* Hoagland, M. B., Keller, E. B., and Zamecnik, P. C., J. Biol. Chem., 
218, 345 (1956). 
* Keller, E. B., and Zamecnik, P. C., J. Biol. Chem., 221, 45 (1956). 


. Dene A., and Novelli, G. D., Biochim. Biophys. Acta, 22, 49 
1 . 


Competitive Inhibition of Mammalian 

Tyrosinase by Phenylalanine and its 

Relationship to Hair Pigmentation in 
Phenylketonuria 


In Jervis’s introductory study, and in subsequent 
case reports of phenylketonuria (phenylpyruvic 
oligophrenia), a blonde hair colour and a fair skin 
have been noted in the large majority of the 
patients', The most striking example described by 
Jervis was ‘‘an idiot baby with blonde hair and blue 
eyes who belonged to a family of Sicilian extraction, 
all the members of which, for at least three genera- 
tions, were of a very dark Mediterranean race’’!. 
Three possible hypotheses may be advanced to explain 
the reduction of melanin formation: absence of the 
melanin-forming enzyme, tyrosinase; absence or 
decrease of the melanin precursor, tyrosine; and 
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finally, inhibition of the tyrosine—tyrosinase reaction 
by phenylalanine or related abnormal aromatic 
metabolites which accumulate in the blood of patients 
with phenylketonuria. 

That the latter explanation is the most likely is 
suggested by recent reports of the darkening of hair 
colour in patients with phenylketonuria who were 
maintained on synthetic diets deficient in phenyl- 
alanine*-*. The blonde colour may, therefore, result 
from the reversible inhibition of tyrosinase located 
in the melanocytes of the hair bulb by abnormal 
concentrations of phenylalanine, phenylpyruvic acid 
and phenyliactic acid. Darkening of the hair is 
associated with return of blood—and presumably 
tissue—phenylalanine-levels to normal in patients 
maintained on the diet. Furthermore, a recent study 
by Dancis and Balis has revealed that L-phenylalanine 
partially inhibits the oxidation of tyrosine by tyrosin- 
ase obtained from plant sources*. Since plant tyrosin- 
ase is much less specific in its action than mam- 
malian tyrosinase, it is preferable to study the effect 
of phenylalanine and other intermediates which 
accumulate in phenylketonuria on the mammalian 
tyrosine—tyrosinase reaction. We have now shown 
that phenylalanine, phenylpyruvic acid and related 
metabolites are inhibitors of mammalian tyrosinase. 

Mammalian tyrosinase was prepared from the 
Harding—Passey melanoma as described previously*. 
Tyrosinase activity was determined manometrically 
by measurement of oxygen uptake in the Warburg 
apparatus at 38°C. with 0-1 _M sodium phosphate 
buffer at pH 6-8. When acid was used as an inhibitor, 
pH was adjusted to 6-8 by addition of sodium 
hydroxide. Each Warburg vessel contained 1-4— 
1-5 units of tyrosinase* in the side arm. The sub- 
strates, 0-4 mgm. of L-tyrosine or 0-5 mgm. of 
L-dihydroxyphenylalanine, were contained in the main 
chamber with various amounts of compounds studied 
with a total volume of 2-8 ml. of reaction mixture. 
Each experiment was carried out at least in duplicate. 

As shown in Table 1, L-phenylalanine has an 
inhibitory effect on the enzymic oxidation of tyrosine 
and dihydroxyphenylalanine. After studying by 
Lineweaver and Burk’s method of plotting’, L-phenyl- 
alanine was found to be a competitive inhibitor of 
tyrosine—tyrosinase activity. 

Inhibition of mammalian tyrosinase by L-phenyl- 
alanine at the same concentration as in the blood 








Table 1. INHIBITION OF THE OXIDATION OF L-TYROSINE AND 
L-DIHYDROXYPHENYLALANINE BY MAMMALIAN TYROSINASE 
Total Inhibition (per cent) 
molarity | 1-Tyrosine 1-Dihydroxy- 
(M) phenylalanine 
L-Phenylalanine 0-001 15 8 
0-005 37 29 
0-01 51 37 
Phenylacetic acid 0-001 7 
0-005 14 
0-01 20 
Sodium phenylpyruvate | 0-0001 2 
0-001 10 
0-005 36 
0-01 50 
p-Hydroxyphenylacetic 0-0001 23 
acid 0-001 38 
0-005 80 
0-01 91 
D-Phenylalanine 0-0043 0 
0 -0087 3 
DL-Alanine 0 -0025 0 
0 -0082 0 
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of patients is about 15-30 per cent under the experi- 
mental conditions described. However, both enzyme 
(tyrosinase) and substrate (tyrosine) are present in 
the human skin and hair follicle in much smaller 
amounts. Therefore, greater inhibition by L-phenyl- 
alanine can be expected in vivo. 

Competitive inhibition uf the tyrosine to melanin 
reaction by phenylalanine at the melanocyte-level is 
further suggested by darkening of the blonde hair in 
phenylketonuria following the oral administration of 
large amounts of tyrosine*. By supplying an excess 
of tyrosine, the normal ratio of the inhibitor (phenyl- 
alanine) to metabolite (tyrosine) is restored and 
normal melanin formation results. 

The effects on the tyrosine—-tyrosinase reaction of 
several other compounds which were reported to 
occur in the blood or to be excreted in the urine of the 
phenylketonuric patient are also presented in Table 1. 
Phenylpyruvic acid (sodium salt) and phenylacetic 
acid were found to be weak inhibitors of mammalian 
tyrosinase, whereas p-hydroxyphenylacetic acid has 
the most marked inhibitory effect. In addition, 
D-phenylalanine and Dt-alanine failed to show 
any significant inhibitory effect even at relatively 
high concentrations of 8-7 and 8-2 x 10°*M, 
respectively. 

The other abnormal metabolites reported to occur 
in this disease also might play a part in the decrease 
of pigment formation ; but their concentrations in 
the blood are very low and significant effect cannot 
be expected. For example, the level of phenyl- 
pyruvic acid in the blood of patients was reported 
to be 0-31-1-78 mgm. per 100 ml. (1-89 x 10-5 — 
1-09 x 10-* M) *, and at this range practically no 
inhibition was observed as shown in Table 1. There- 
fore, it is concluded that the increased L-phenylalanine 
is the most important factor responsible for the 
phenylketonuric hypopigmentation, and the other 
abnormal metabolites have only slight influence on 
melanin formation. 

The fact that the D-isomer of phenylalanine has 
no inhibitory effect on the tyrosine—tyrosinase reaction 
is evidence of the importance of the steric configura- 
tion of the inhibitor. 

According to Harper et al.!°, the levels of pheny!- 
alanine in the blood of normal individuals vary from 
1-1 to 4 mgm. per 100 ml. (6-7 x 10-5 — 2-4 x 10-* 
M), and at the highest concentration of this range 
enzymic inhibition occurs. It is suggested that 
phenylalanine be considered as one of the factors 
controlling normal melanin formation. 

We would like to acknowledge the suggestions made 
by Dr. J. H. Fellman. 

Masamitsu MiyvamMorTo 
Tuomas B. Fitzpatrick 
Division of Dermatology, 
University of Oregon Medical School, 
Portland, Oregon. 
Nov. 12. 
1 Jervis, G. A., Arch. Neurol. and Psychiat., $8, 944 (1937). 
. eS Gerrard, J., and Hickmans, E. M., Acta Pedeatr., 43, 64 
Bi ™ ja I., Griffith, R., and Moncrieff, A., Brit. Med. J., 
* Armstrong, M. D., and Tyler, F. H., J. Clin. Invest., 34, 565 (1955). 
* Dancis, J., and Balis, M. E., Pediatrics, 15, 63 (1955). 
ia, A. B., i T. B., Calkins, E., and Summerson, 
. H., J. Biol. C hem., 187, 793 (1950). 
onuasiaiies, H., and Burk, D., J. Amer. Chem. Soc., 56, 658 (1934). 
* Jervis, G. A., Proc. Soc. Exp. Biol. and Med., 81, 715 (1952). 
° ee ON E., Norton, P., and Holt, jun., L. E., Fed. Proe., 14, 


1° Harper, H. A., Hutchin, M. E., ~~ Kimmel, J. R., Proc. Soc. 
Ezp. Biol. and Med., 80, 768 (1952). 
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Effect of Antimetabolites on Antigen Vi 
Synthesis and Variability in S. typhi 


S. typhi grown at 18° C. fails to produce antigen Vi 
and is immune to Vi phages'. We submitted such a 
culture of S. typhi to the influence of various factors, 
transferred it into 37°C., and studied in suitable 
media the synthesis of antigen Vi, growth of the 
bacteria and synthesis of cell protein (Mazia)*. We 
determined antigen Vi in hot saline extracts by 
passive hemagglutination®-5. 

Bacteria inhibited by chloromycetin retained their 
ability to produce antigen Vi (curve 1), though they 
failed to synthesize protein or to grow. There are 
data indicating that the enzyme responsible for syn- 
thesis of antigen V7 exists in the cells at a temperature 
of 18° C. over a number of generations in spite of 
absence of actual synthesis of the antigen. 
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Examination of growth-inhibiting factors demon- 
strated that all those inhibiting respiration or reducing 
cell metabolism and suppressing the Krebs cycle 
inhibit at the same time antigen V7? synthesis at 
37°C. This effect is exerted by cyanides, malonic 
acid, vacuum, absence of oxygen (evacuation or 
flushing with inert gases) and, finally, by high con- 
centrations of dinitrophenol. Chloromycetin and 
lethal doses of ultra-violet radiation, on the other 
hand, fail to inhibit antigen Vi synthesis (Table 1). 
The effect on antigen Vi synthesis of malonic acid 
was examined in particular. Bacteria originally 
sensitive to 0-005 .M malonic acid are easily 
adapted to 0-025 M malonic acid by consecutive 
passages in increasing concentrations. y 
in 0-01 M concentrations of the acid (in the second 
passage) the bacteria fail to synthesize antigen V7. 


Table 1, INFLUENCE OF VARIOUS FACTORS ON ANTIGEN Vi SYNTHESIS 








Factor Antigen Vi 
Acriflavin 0-5 per cent Absent 
Acrifiavin 0-1 per cent Absent 
Dinitrophenol 0-005 M Present 
Dinitruphenol 0-01 M Present 
Dinitrophenol 0-025 M Absent 
Malonic acid 0-005 M Present 
Malonic acid 0-010 M Present 
Malonic acid 0-025 M Absent 
Potassium cyanide 0-005 M Absent 
Vacuum Absent 
Jarbon dioxide Absent 
Ultra-violet irradiation Present 
Chloromycetin Present 
Control Present 
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In higher concentrations they grow as a sediment 
on the bottom of the vessel. Centrifuged and trans- 
ferred into fresh media, the micro-organisms are 
lysed almost completely within 0-30 min. (from 
optical density 0-3 to 0-02). Plating of a thick 
suspension grown in 0-25 M malonic acid produces 
only a few dozen colonies from 1 ml. The factors 
responsible for lysis of the bacteria grown in a malon- 
ate medium are not yet known. The possible presence 
in the cells of & prophage seems unlikely to be the 
cause, in view of the rapid rate of lysis. The few 
surviving micro-organisms yield a large percentage 
(20-40 per cent) of colonies producing no antigen Vi 
and immune to Vi phages, but still susceptible to 
typhus O phages. 

A. W. Kozrsx1 

Z. OPARA 

Z. KRaFt 

Immunochemical Laboratory, 
Biochemical Institute, 
Polish Academy of Sciences, 
Warsaw. Sept. 4. 


8 Wiese, Jude, A., and Diverneau, G., Ann. Inst. Past., 84, 27 


* Mazia, D., Brewer, A., and Alfert, M., Biol. Bull., 104, 57 (1953). 

* Kozinski, A. W., Maclerewicz M., Mikulaszek, E., and Opara, Z., 
Med. Dosw. Mikrobiol., 61 (1954). 

« Kozifski, A. W., and abe . Bull. Acad. Pol. Sci., 4, 19 (1956). 

bd Kozifskl, A. W., and Opara, Z., Med. Dosw. Mikrobiol., 6, 170 and 


Late Effects of Gamma Radiation on Mice 
protected with Cysteamine or Cystamine 


THE short-term value of cysteamine (8-mercapto- 
ethylamine) and its disulphide (cystamine) as pro- 
tective agents against whole-body irradiation is now 
well established'. Little is known, however, about 
the ultimate fate of the survivors from the radiation 
syndrome. This communication is concerned with 
the induction of lymphosarcoma and lymphatic 
leukemia by cobalt-60 in C 57 BL/6 mice protected 
with one of these substances. 

A total of 553 mice of both sexes, aged 38 + 3 days, was 
randomly assigned to four treatment groups receiving 
different total doses in two exposures five days apart. 
Before each exposure, mice of the protected group 
received an intraperitoneal injection of cysteamine 
(3 mgm./10 gm.) or a gastric instillation of cystamine 
(4 mgm./10 gm.). Irradiated mice of the control 
group similarly received saline. In two other control 
groups, mice received cysteamine or cystamine but 
were not irradiated. The 50-day protection afforded 
by these compounds under the experimental con- 
ditions was significant’. 

Evaluation of the long-term protection, however, 
has brought up other problems. Survivors in all 
groups have been observed for a period of 300 days 
after the first exposure. Incidence of tumours in all 
groups has been tabulated (Table 1). In the group 
receiving 703 r. total dose, seven mice died prema- 
turely from a late post-irradiation infectious and 
necrotic process. Numerous disseminated and con- 
fluent caseous lesions were found in lungs, liver and 
kidney. Therefore results on tumours from this 
group are not statistically significant. In the group 
receiving 301 r. total dose, the percentage of tumours 
approached the level expected in the controls. 
According to Kaplan’, the threshold for tumour 
induction by single exposure to X-radiation is about 
283 r. At both other dose-levels, however, incidence 
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Table 1. INCIDENCE OF TuMOUR AMONG C 57 BL MIOB SURVIVING 
RaDIATION DEATH 
Initial Sur- Deaths 
Total No vivors No. of | from Tumours 
Group dose of after tumours | other (per 
mice | 60 days causes cent) 
301 r. 40 23 1 1 4 
406 r. 50 20 3 3 15 
Saline 550 r. 78 43 8 3 18 
742 r. 60 9 2 + 22 
Control 24 24 0 2 0 
301 r. 40 27 2 0 7 
Pro- 406 r. 40 23 6 1 26 
tected 550 r. 66 44 16 2 86 
by cyste-| 742 r. 45 15 1 5 7 
amine Control 24 24 0 1 0 
Protected] 550 r. 50 31 9 1 29 
by cyst-| 742 r. 24 8 3 1 38 
amine Control 12 12 0 1 0 





























of tumours in protected mice was significantly higher 
than in unprotected mice. 

This result is in sharp contrast with the observed 
inhibition of tumours in irradiated C 57 BL mice pro- 
tected by bone-marrow injection and thigh or spleen 
shielding*. A cocarcinogenic effect of cysteamine or 
cystamine has been postulated. No such effect, 
however, could be demonstrated after 300 days in 
C 57 BL mice painted with methylcholanthrene and 
given daily 10 mgm. of cystamine in the drinking 
water for three months (Mewissen, D. J., unpub- 
lished results). 

Since evidence is now accumulating that human 
leukemia may follow acute or chronic exposure to 
radiation and also extensive radiotherapy, these 
observations are important for the clinical application 
of chemical protective agents. 


D. J. Mewissen* 
MARSHALL BRUCER 
Medical Division, 
Oak Ridge Institute of Nuclear Studies, 
Oak Ridge, Tennessee, 
under contract with the 
United States Atomic Energy Commission. 
* Present address: School of Medicine, University of Liége, 
Belgium. Work done while a resident physici ian at the Medical Division, 
Oak Ridge Institute of Nuclear Studies, during tenure of a fellow ship 


of the Centre d’Etudes des Applications de I’Energie Nucléaire, 
Brussels, Belgium. 


* Bacq, — M., and Herve, A., Bull. Acad. Roy. Med. Belg., 6/17, 13 
(1952). 

* Mewissen, D. J., Radiation Research (in the press). 

* Kaplan, H. S., and Brown, M. B., J. Nat. Cancer Inst., 13, 185 (1952). 

* Kaplan, H. S., Brown, M. B., and Paull, J., J. Nat. Cancer Inst., 
14, 303 (1953). 


Reserpine and Serotonin in Experimental 
Convulsions 


Ir has been postulated that serotonin plays an 
important part in the maintenance of normal activity 
in the central nervous system, and that drugs causing 
some profound disturbances in its activity, for ex- 
ample, lysergic acid diethylamide, function through 
their anti-serotonin action’. 

It has been shown that reserpine and serotonin 
have some central actions in common (potentiation 
of hypnotics) which are blocked by lysergic acid 
diethylamide’, and that reserpine liberates serotonin 
from its body depots, including the brain**. Accord- 
ingly it has been suggested that the central actions 
of reserpine are mediated through serotonin released 
in the brain’. This hypothesis, however, can be 
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accepted only if it is possible to demonstrate that all 
central actions of reserpine are mimicked by serotonin. 

We have therefore endeavoured to verify whether 
serotonin plays a part in the facilitating action of 
experimental convulsions manifested by reserpine. 
The principles and procedures followed were in all 
regards the same as previously described*. Two 
convulsant drugs, camphor and leptazol, were in- 
jected endoperitoneally in albino mice, and con- 
vulsant doses ED,,, ED,, and ED, have been 
calculated, and found to be (mgm./kgm.): for 
camphor 205-0, 120-0 and 70-0; for leptazol 145-0, 
98-0 and 66-0. 

Reserpine at a dose of 30 mgm./kgm. was injected 
subcutaneously in albino mice 3 hr. before the con- 
vulsant drug; serotonin at a dose of 20 mgm./kgm., 
or 500 mgm./kgm. of 5-hydroxy-tryptamine-crea- 
tinine-sulphate, was injected subcutaneously in albino 
mice 15 min. or 2 hr. before the convulsant drug. 
Camphor and reserpine were solubilized as previously 
reported ; serotonin was solubilized in distilled water. 
The serotonin-creatinine sulphate was synthesized 
by Bernini’s method’. 

It was found that mice pretreated with reserpine 
and camphor show tonic convulsions with maximal 
extension of hind legs like those observed in mice 
treated with leptazol alone. Mice not pretreated with 
reserpine show, after camphor injections, only clonic- 
type convulsions. The experiments were planned in 
order to verify whether serotonin provokes tonic 
convulsions with maximal extension of hind legs or 
counteracts those provoked by reserpine. From 
Table 1 it is seen that serotonin injected subcutane- 
ously 15 min. before camphor injected at dose ED, 
or ED,, does not provoke tonic convulsions, and does 
not counteract in all the animals the tonic con- 


Table 1. CONVULSANT ACTIVITY OF CAMPHOR AND LEPTAZOL IN MICE 
Tonic convulsions (maximal ——— of hind legs) have been registered 
oO 














Reserpine Serotonin Convulsant drug | 
(subcutaneous) | (subcutaneous) (intraperitoneal) Mice con- 
Time Time vulsing 
Dose before | Doseft before Com- Dose a — 
(mgm./ con- |(mgm./ con- pound (mgm./ njec 
kgm.) vul- kgm.) vul- | injected kgm.) 
sant sant 
— —_ — “= Camphor 70-0=ED, 0/20 
30 3 hr. _ _— »» 70°0= ,, 6/20 
-— — 20 15min. 4 700= ,, 0/20 
30 3 hr. 20 15min. a 700= ,, 5/20 
_- —_ 500 15min. ‘a 700= ,, 0/20 
30 $ hr. 500 15 min. ne 700= ,, 1/20 
— -- —_ —_ ea 205 -0=ED,, 0/29 
30 3 hr. _ _ ym 205-0= ,, 14/20 
—- see 20 15min. a 205-0= ,, 0/20 
30 3 hr. 20 15min. a 205-0= ,, 11/20 
— = 500 15 min. ~ 205-0= ,, 0/20 
30 3 hr. 600 15min. ee 205-0= ,, 6/20 
— —_ — ae Leptazol 66-0=ED, 0/20 
—_ — -- _ x 145-0=ED,,| 18/20 
30 8 hr. _ _ ~ 66-0=ED, 20/20 
— — 20 15min. “ 66-0= ,, 0/20 
30 3 hr. 20 15min. e 66-0= ,, 16/20 
— -- 500 15 min. ¢0 66-0= ,, 1/ 
30 3 hr. 500 15 min. ae 6-0=— ,, 16/20 
-- _ 20 2 hr. Fas 66-0= ,, 0/20 
30 3 hr. 20 =«2hr. = 66-0= ,, 15/20 
_— oan 500 3=« 2 hr. 3 66-0= ,, 0/15 
80 3 hr. 500 2 hr. ° 66-0= ,, 2/1 
Vehicle for 
reserpine* 20 15min.|Camphor 70-0=ED, 0/20 
Vehicle for 
reserpine* 20 15min. ns 205-0=ED,, 0/20 
Vehicle for 
reserpine* 20 15min.) Leptazol 66-:0=ED, 1/20 

















* Injected subcutaneously 15 min. before convulsant. 
t se — are in terms of 5-hydroxy-tryptamine-creatinine-sulph- 


5 LA out of 20 died after serotonin. 
2 mice out of 20 died after serotonin. 
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vulsions provoked by reserpine. As the partial 
protective action is afforded only by very high doses 
of serotonin, the significance to this effect is not clear. 

Also, in animals treated with leptazol at dose LD,, 
the serotonin, injected subcutaneously 15 min. or 
2 hr. before the convulsant drug, does not provoke 
any tonic convulsions (maximal extension of hind 
legs) and does not counteract the facilitating action 
of reserpine in all the injected animals. Since this 
counteraction was observed at very high dose, but 
only in some of the animals treated, it seems im- 
possible in this case also to give proper significance 
to this fact, 

These results do not support the hypothesis that 
the central action of reserpine is mediated through 
the serotonin released in the brain, Indeed, if the 
facilitating action on convulsions manifested by 
reserpine were mediated in this way, it seems quite 
logical to expect exogenous serotonin to have the 
same facilitating action. Additional facilitating 
action might be expected if the free serotonin flooding 
the cells of the brain is augmented by endogenous 
serotonin released by reserpine plus the injected 
exogenous serotonin. 

In the experiments of Brodie e¢ al. the exogenous 
serotonin has the same action as endogenous sero- 
tonin. In the experiments reported here the exo- 
genous serotonin only augments the calming and 
depressant effects of reserpine. 

On the other hand, if the cells of the brain deprived 
of their normal amount of serotonin by reserpine 
were more susceptible to action of hypnotics or con- 
vulsant drugs, then the injected exogenous serotonin 
should have counteracted the facilitating action of 
reserpine. The results reported here, obtained with 
very high doses of serotonin, are not very sig- 
nificant. It may be recalled that Brodie et al.‘ showed 
the impairment of serotonin binding-sites due to 
reserpine, which could explain the partial failure of 
exogenous serotonin to modify the facilitating action 
of reserpine. 

It seems impossible to explain this failure by 
supposing that serotonin fails to reach the central 
nervous system, since the calming effect of serotonin 
and the potentiating activity versus calming effect of 
hypnotics and reserpine, can take place only in the 
cells of the brain. 

CAMILLO BIANCHI 
Dr. Recordati 
Laboratorio Farmacologico S.p.A., 
Milan. 
Sept. 15. 
1 Woolley, D., and Shaw, E., Brit. Med. J., ii, 122 (1954). 
‘Shore, P., Silver, S., and Brodie, B., Science, 122, 284 (1955) ; 
Experientia, 11, 272 (1955). 
* Brodie, B., Shore, P., and Pletscher, A., Science, 123, 992 (1956). 
‘ Pletscher, A., Shore, P., and Brodie, B., J. Pharmacol., 116, 46 (1956)- 
* Brodie, B., Pletscher, A., and Shore, P., Science, 122, 968 (1955)° 
* Bianchi, C., Brit. J. Pharm., 11, 141 (1956). 
' Bernini, G., Ann. Chim. (Rome), 48, 559 (1953). 


Immunochemical Heterogeneity of Human 
Plasma Lipoproteins 


Evipence for the immunochemical heterogeneity 
of human plasma lipoproteins has recently been 
presented!, Several lipoprotein fractions and a non- 
lipoprotein containing plasma protein fraction were 
isolated from human plasma by ultracentrifugal 
methods. Antiserums against lipoproteins were 
prepared in rabbits. No cross-reaction was observed 
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Fig. 1. (a) Agar diffusion plate, five weeks after start of diffusion. 
Centre well contained human serum; the outer wells contained 
the following amounts of precipitable anti-lipoprotein antibody 
of the euglobulin fraction of rabbit anti-Sy 6 lipoprotein serum : 
upper right, 0-05 mgm.; upper left, 0-03 mgm.; lower right, 
0-01 mgm. ; lower left, 0-005 mgm. The agar mixture consisted 
of 2 per cent agar, 0-9 per cent sodium chloride, 0-003 per cent 
methyl orange and 0-002 per cent merthiolate. Human serum 
and antiserum fractions were diluted in agar to contain the 
same final agar, sodium chloride and merthiolate concentrations. 
(b) The same plate as in (a), three weeks later, after it was stained 
with sudan black B. /Six bands are distinguishable, all staining 
with the lipid stain 


between anti-lipoprotein serums and the non-lipo- 
protein - containing plasma protein fraction. By 
serological absorption of the antiserums, high-density 
lipoproteins (hydrated density 1-07-1-16 gm./ml.) 
were found to be distinguishable from low-density 
lipoproteins (hydrated density less than 1-063 gm./ 
ml.). Differences were observed between the quantita- 
tive precipitin behaviour of two low-density lipo- 
protein fractions, Sy 6 (hydrated density, 1-03- 
1-04 gm./ml.) and Sz 13 (hydrated density, 1-015— 
1-03 gm./ml.), and their respective antiserums. By 
the Oudin agar diffusion procedure’, six to eight bands 
were observed in tubes. Band formation did not, 
however, proceed in the usual manner. Rather, the 
formation of a precipitation zone was observed first, 
and then, within this zone, bands developed. 

This type of band formation had not previously 
been described ; also, there are reports in the litera- 
ture suggesting that human plasma lipoproteins are 
homogeneous by the criterion of agar diffusion*‘. 
We proceeded, therefore, to examine our systems by 
the Ouchterlony modification of the agar diffusion 
procedure®, 

Fig. 1,a is @ photograph of an agar diffusion plate 
five weeks after start of diffusion. The centre well 
contained an agar whole human serum mixture; the 
outer wells contained a mixture of agar and several 
concentrations of the euglobulin fraction H-6 of an 
anti-S7 6 lipoprotein rabbit serum’. At an interme- 
diate antibody concentration (0-03 mgm. of anti- 
body in the well), five bands were clearly evident 
on the plate, although the limitations of photo- 
graphic reproduction made them difficult to illustrate 
here. Fig. 1,0 is a photograph of the same plate, 
three wecks later, after the plate had been stained 
with sudan black B. (We wish to thank Dr. Lawrence 
Levine for suggesting details of the procedure.) All 
precipitation bands were stained black, while pre- 
cipitation bands in control plates containing non- 
lipoprotein systems did not stain. Similar results, 
that is, the formation of several precipitation zones, 
all staining with lipid stains, were also obtained with 
isolated lipoprotein fractions, and with other anti- 
lipoprotein serums and serum fractions. 

It is concluded that human plasma lipoproteins 
are immunochemically heterogeneous by the criterion 
of agar diffusion on plates. The study of these 
immunochemically different lipoprotein components 
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and their relationship to pathogenesis of disease* will 
be an interesting challenge. 
FREDERICK ALADJEM 
Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
Pasadena, 
and 
Department of Medical Microbiology, 
University of Southern California School of Medicine, 
Los Angeles, California. 
Dan H. CAMPBELL 
Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
Pasadena. 


* Aladjem, F., Lieberman, M., and Gofman, J. W., J. Exp. Med. 
[105. 49 (1957) }. 

? Oudin, J., “Methods of Medical Research’’, 5, 335 (The Year Book 
Publishers, Inc., 1952). 

* Korngold, L., and Lipari, R., Science, 121, 170 (1955). 

* Levine, L., Kauffman, D. L., and Brown, R. K., J. Exp. Med., 102, 
105 (1955). 

* Ouchterlony, O., Acta Pathol., 32, 231 (1953). 

* Gofman, J. W., et al., Plasma, 2, 413 (1954). 





Motile Catalase-producing Strains of 
Lactobacillus delbruckii 


THE characteristics of the lactic fermentation- 
inducing bacteria used for lactic acid production 
in several industrial plants in Czechoslovakia known 
under the name Lactobacillus delbriickii have been 
investigated. Several significant differences from the 
description of this species in Bergey’s “Manual” have 
been found, though the fermentation of sugars and 
the production of lactic acid were in accord with the 
data given. A surprising catalase content, however, 
has been revealed. 

Quantitative catalase determination by means 
of the Warburg respirometer! has shown a catalase 
content in all the strains investigated. The catalase 
quotient has been found to be 2,000 at pH 7 and at the 
incubation temperature 37°C., so that it is near 
Escherichia coli (2,100). Besides catalase the spectro- 
photometric investigation revealed the presence of 
cytochrome @ and 6. The cytochrome c zone was 
indistinct. ‘The presence of the hematin pigments 
has been checked by the inhibitory effect of potassium 
cyanide on glucose oxidation. 

The purity of the strains has been checked by 
means of the dilution method, by isolation from one 
cell and by means of a selective culture medium. 
It has been concluded that the observed differences 
in the enzymatic systems of the strains studied, dis- 
agreeing with the usual descriptions of Lactobacillus 
delbriickii, can be in no case explained by an infection 
or lack of homogeneity of the strain. 

It is assumed that the strains investigated are 
similar in their characteristics to T'hermobacterium 
cereale as described by Davis*. In text-books Thermo- 
bacterium cereale is usually erroneously considered 
to be a synonym for Lactobacillus delbriickii. 

Contrary to the characteristics commonly ascribed 
to the genus Lactobacillus we have observed flagella 
in two of the strains. The only observations of this 
phenomenon in the literature are those by Harrison 
and Hansen* in Lactobacillus plantarum var. mobilis, 
by Mann and Oxford‘ in three unstable cultures of 
Lactobacillus isolated from the rumens of calves and 
by Cunningham and Smith (quoted from Tittsler 
et al.) in the Lactobacillus isolated from silage. 
Electron microscopic observation has revealed long 
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Electronmicrograph of Lactobacillus delbrickii from 
hr., malt agar culture, showing flagella. (x c. 18,500) 


isfc.'s 
flagella (Fig. 1) in young cells 7-9 hr. old from two 
of the three strains investigated. In the third strain 
no flagellum could be found. 
Jr&ina VaNKovA* 

Department of General Microbiology, 

Charles University, 

Prague. Nov. 2. 


* Present address : Biological Institute of the Czechoslovak Academy 
of Science, Prague. 
? Fujita, A., and Kodama, T., Biochem. Z., 232, 20 (1931). 
* Davis, J. G., Biochem. Z., 265, 90 (1933). 
* Harrison, jun., A. P., and Hansen, P. A., J. Bact., 59, 444 (1950). 
* Mann, 8. O., and Oxford, A. E., J. Gen. Microbiol., 11, 83 (1954). 
* Tittsler, R. P., yg C. S., Snell, E. E., Hendlin, D., and Niven, 

Ch. F., Bact. . 16, 227 (1952). 


Host Infection in Pellicularia filamentosa 
controlled by Chemical Stimuli 


PATHOGENIC specificity of different strains of the 
fungus Pellicularia filamentosa (Pat) Rogers to 
different host plants has been shown by Flentje' to 
be determined at two distinct stages in the infection 
process. One of these stages is on the external surface 
of the host stem before penetration occurs. The 
hyphz of a pathogenic strain become attached to the 
cuticle of a susceptible host above the junction of 
epidermal cells, grow in a characteristic manner along 
the stem following the lines of junction of these cells, 
and form complex appressoria or ‘infection cushions’. 
Each infection cushion is produced from a side branch 
in which normal elongation has ceased but in which 
further prolific side branching has occurred. Infection 
takes place only from these cushions. Strains not 
pathogenic to the host fail to become attached to or 
organize on the stems. Flentje' suggested that this 
differential reaction may be due to a diffusible 
chemical exudation from the host. 

The first direct evidence of stimulation of P. 
filamentosa by chemical exudates from seedlings was 
presented by Kerr? using a ‘Cellophane’ bag tech- 
nique. This work has been extended by us, using 
several distinct strains of the fungus and three 
types of seedling—radish, tomato and lettuce. In 
several tests there was a close correlation between 
the susceptibility of the seedlings to the pathogens 
and the stimulation of the pathogens by the seedlings. 
It was apparent that a root excretion was causing this 
differential stimulation of growth of the different 
strains. Most strains of P. filamentosa cause a damp- 
ing-off of seedlings, the roots of which are not attacked 
by the fungus, but it was thought that excretions 
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might be present also on stems and be responsible for 
specificity in attachment and penetration. 

,. The work was extended by studying the action of 
radish root excretions in vitro. Surface-sterilized 
radish seeds were germinated on distilled-water-agar 
and after 2 days 300 seedlings were transferred to 
washed sterilized sand, where they grew for 7 days. 
Root excretions were obtained by removing the seed- 
lings, expressing the solution from the sand through 
‘Cellophane’ in a pressure membrane apparatus 
(Richards*) and evaporating it down to 0-4 ml. by 
vacuum distillation. The resultant solution was 
bio-assayed by adding 0-005 ml. to filter-paper disks 
4 mm. in diameter, placing these on small islands 
cut in distilled-water-agar in a Petri dish and cover- 
ing the surface with sterilized ‘Cellophane’ disks, 
approximately 8 cm. diameter. The top of the 
‘Cellophane’ was inoculated in different plates with 
three different strains of P. filamentosa, one of which 
was pathogenic to radish. ‘Lhe strains grew out over 
the ‘Cellophane’ and tliat pathogenic to radish 
showed a marked response on the ‘Cellophane’ cover- 
ing the filter-paper disks soaked in root exudate, 
while the other strains failed to respond. The response 
of the radish strain was evident in the side branches 
of hyphz in which normal elongation ceased and 
further prolific side branching occurred, to give @ 
clumping similar to the infection cushions on radish 
stems (Fig. 1,a and 6). Nutrients such as glucose— 
peptone broth when tested in the same way failed to 
show any of these characteristic effects on growth 
although they gave a general increase in density of 
hyphe. 





mentosa—a, on a radish 
seedling prior to penetration; and 6, on ‘Cellophane’ Ger radish 
root excretions 


Fig. 1. Growth of the radish strain of P. fila 
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However, as no penetration of the ‘Cellophane’ 
ever occurred in response to the root exudate, and 
as the radish strain organizes on and penetrates 
stems and not roots, it seemed that the nature of 
the surface on which organization occurred might 
also be important in bringing about penetration. 
Radish seedlings from which strips of epidermis and 
cuticle had been removed or which had been punctured 
in several places by fine (10% diameter) glass needles 
were inoculated with the radish strain of P. filamentosa. 
Both treatments increased the number of infection 
cushions produced, these structures being formed not 
on the exposed cortical cells, but on the cuticle 
immediately alongside such cells, and penetration 
was always through cuticle and epidermis, never 
through the wounded tissues. The presence of cuticle 
appeared to be important for attachment and 
penetration. 

Epidermal strips approximately 15 mm. x 3 mm. 
were then obtained from radish seedlings and placed, 
cuticle facing upward, on similar-sized strips of 
distilled-water-agar to which 0-01 ml. of root exudate 
had been added. Small blocks of agar inoculum of 
the three strains were placed alongside these epi- 
dermal strips so that the hyphz grew out over them. 
The hyphz of the radish strain became attached to the 
cuticle above the junction of the epidermal cells, 
grew along the lines of junction of these cells, formed 
infection cushions and penetrated the strips as on 
living stems. On control strips of radish epidermis 
with no root exudate present, attachment and growth 
along the lines of junction of cells occurred but no 
infection cushions were formed and no penetration 
took place. The two other strains tested in this way 
with radish root exudate failed to form infection 
cushions on, or penetrate, epidermis stripped either 
from radish or from the hosts to which they are 
pathogenic. 

It appears, then, that attachment to, organization 
on, and penetration of a host by the radish strain of 
P. filamentosa is controlled by the nature of the 
cuticle surface, and the presence of a diffusible 
material which is excreted on to the cuticle surface 
from the underlying cells. Specificity of reaction of 
the different strains to different hosts is probably 
due to variation from host to host of the nature of 
the cuticle surface, and of the diffusible excretion. 

This evidence for chemical stimulus of penetration 
is at variance with the widely accepted theory pro- 
posed by Brown‘ that the penetration stimulus is 
non-specific and due to physical contact. Most 
previous work on penetration has been carried out 
with airborne parasites in which there would be little 
selective advantage in responding to chemical stimuli 
from a host, as the only chance of survival of a 
spore lies in penetration of the substrate on which it 
has lodged. For soil-borne pathogenic fungi such as 
P. filamentosa there would appear to be a definite 
selective advantage in reacting only to chemical 
stimuli from susceptible plants, thus increasing the 
chance of survival in the competition for nutrients 
in the soil. 

A. KERR 
N. T. FLENTJE 
Waite Agricultural Research Institute, 
University of Adelaide. 
Nov. 7. 


1 Flentje, N. T., Trans. Brit. Mycol. Soc. (in the press). 
* Kerr, A., Aust. J. Biol. Sci., 9, 45 (1956). 

* Richards, M. A., Soil Sci., 51, 377 (1941). 

* Brown, W., Bot. Rev., 2, 236 (1936). 
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Colominic Acid, a Substance of Bacterial 
Origin related to Sialic Acid 


SOME years ago, it was found that a mucoprotein 
derived from submaxillary mucin contained an acidic 
component which was termed sialic acid'. More 
recently, it has been shown that other mucoproteins 
of mammalian origin contain substances closely 
related to sialic acid; among these are neuraminic*, 

ic* and lactaminic‘ acids. Despite intensive 
chemical investigations, the structure of these various 
substances has not yet been fully elucidated. 

During an investigation on the nature of colicine K, 
an antibacterial agent elaborated by a strain of 
Escherichia coli known as K-235 5, a substance was 
encountered in the culture medium which had 
properties similar in many respects to those of sialic 
acid. This substance has been termed colominic 
acid. 

Crude colicine and colominic acid may be precip- 
itated from a culture medium in which Escherichia 
coli K-235 has been grown, by adding ethanol at 
0° C. (75 per cent)* to the concentrated and dialysed 
solution. Following dialysis, the two substances 
can be separated by precipitating the colicine at 
pH 5-8 with ammonium sulphate (85 per cent). 
Cclominic acid is isolated from the supernatant, after 
dialysis, by freeze-drying (yield: 1 gm. from 15 1. 
of culture medium). 

Colominic acid is obtained as a snow-white 
amorphous powder. It is devoid of serological activity 
and is homogeneous when examined by electro- 
phoresis. It gives only feeble anthrone and biuret 
tests, and tests for hexosamines, pentoses, and hex- 
uronic acids are negative. Colominic acid dialyses 
very slowly through ‘Cellophane’, and an aqueous 
solution of the free- acid has a pH of 3-7. Upon 
heating with dilute mineral acid, colominic acid 
rapidly forms humin. When heated with Ehrlich’s 
reagent, it gives a red colour, and a reddish-purple 
colour is formed when the substance is heated with 
Bial’s reagent. Colominic acid itself does not reduce 
Benedict’s solution, but after autoclaving an aqueous 
solution, reducing substances are liberated. 

Colominic acid has the following analysis: C, 
46-80; H, 5-82; N, 4-54; CH,CO, 15-10. It has 
an optical rotation in water of [a]° = — 50-5°. 
Methoxyl groups, sulphur and phosphorus are absent. 
The neutral equivalent is 326. From the analytical 
data the formula [C,,H,,NO,-s]n would appear to 
represent most closely the polymeric form of colominic 
acid. Each unit is believed to contain one acetyl and 
one carboxyl group. 

Although colominic acid possesses properties which 
relate it to sialic acid, it shows differences as well. The 
absorption maximum of the red colour produced 
by colominic acid in the Ehrlich test lies at 530 mu 
whereas that of sialic acid is at 565 my. The absorp- 
tion coefficient of the two substances at 530 mu is 
identical; at 565 my, however, that of colominic 
acid is slightly lower. Sialic acid gives a positive 
Bial reaction when tested under conditions described 
by Werner and Odin’, but colominic acid does not. 
Finally, it should be said that colominic acid is an 
amorphous macromolecular material whereas sialic 
acid is a crystalline substance. 

The fact that sialic and colominic acids show closely 
related absorption spectra in the infra-red region also 
attests to similarities in their structures (we are 
greatly indebted to Dr. Herbert Jaffe of this Institute 
for the spectral measurements). It will be seen from 
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Fig. 1. Infra-red adsorption spectra of colupinte acid (A) and 
of sialic acid (B). Measurements were made usi be RO 


each compound compressed in a potassium 
Fig. 1 that the spectral bands of the two substances 
show excellent conformity at the shorter wave- 
lengths. At longer wave-lengths, however, this is 
not the case. Because of the amorphous and poly- 
meric nature of colominic acid, broadening of its 
spectrum in this region is to be e ted. 

In sum, a substance of relatively high molecular 
weight is elaborated by the micro-organism Escherichia 
coli K-235, which bears a close relationship to sialic 
acid. This substance has been termed colominic acid. 
Its exact biochemical function is at present unknown, 
but it is hoped that future work will elucidate this 
point. 

Guy T. Barry 
WALTHER F. GOEBEL 
Rockefeller Institute for Medical Research, 
New York. 
1 Blix, G., Kossel Z. physiol. Chem., 240, 43 (1936). 
* Klenk, E., Kossel Z. physiol. Chem., 268, 50 (1941). 
o 
zilliken, F. tiese)” G. A., and Gyorgy, P., Arch. Biochem. Biophys., 
* Kuhn, R., and Brossmer, R., Chem. Ber., 87, 123 (1954). 
* Fredericq, P., Rev. Belge Pathol. Med. Exp., 19, Supp. 4 (1948). 
* Goebel, W. F., Barry, G. T., seat Hi A.. om eee, 2 &.. Nature, 
176, 700 (1955). ' Goebel, , Barry, G. T., and Shedlovsky, 
T., J. Exp. Med., 103, SIT (1986). 


’ Werner, I. and Odin, L., Acta Soc. Med. Upsala, Sweden, §7, 230 


Vertebrate and Invertebrate Tropomyosins 


As a first step toward generalizing the relationship 
between tropomyosin, actin and myosin found for 
rabbit skeletal muscle', we have prepared and exam- 
ined tropomyosins from the different types of mam- 
malian muscle (cardiac, uterine and smooth), from 
lower classes within the vertebrate phylum (amphib- 
ian, fish and cyclostome) and from representatives 
of different invertebrate phyla (arthropod, mollusc, 
echinoderm, annelid and nemertian). 

Most of these proteins crystallize in plates or in 
various types of needles. All have sedimentation 
constants falling along the same line and extrapolating 
to an Sgo.w(e=0) Of about 3-0 (Fig. 1). 

On the basis of amino-acid composition, the 
tropomyosin of mammalian striated muscle can be 
distinguished from the tropomyosins of smooth 
muscle, of uterus and of the lower vertebrates ; the 
differences are small and limited to about seven of 
the amino-acids. In the composition of the inverte- 
brate tropomyosins; the differences are much larger 
and affect nearly all the amino-acids; nevertheless, 
there is adherence to the general tropomyosin pattern 
of, for example, high glutamic acid content (160- 
200/105 gm.), low proline content (1-6-10/105 gm.) 
and histidine content (3-4-13/10° gm.). 

Although within the several phyla studied, 
practically every amino-acid seems susceptible to 
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Fig. 1. Sedimentation of tropomyosins prepared from various 
animals. A, Rabbit skeletal; @, bovine bladder; @, rabbit 
uterine ; A, flatworm ; fe earthworm ; +, lobster; @, Venus 
foot ; Oo, L-meromyosin (ref. 8). These’ results "show that 
L-meromyosin (rabbit) closely resembles tropomyosin in its 
sedimentation behaviour 


alteration from class to class, one apparent regularity 
stands out. The sum of these basic groups is always 
about 140/10° gm., and in the lower phyla arginine 
replaces some of the lysine. Similar observations 
have been made on molluscs by Bailey* and 
Yoshimura’. In vertebrate striated muscle, lysine 
is 107 and arginine 41/105 gm. ; in lobster, lysine is 
83 and arginine 56/10° gm.; in molluscs, lysine is 
74 and arginine 62/105 gm. ; and in annelids, lysine 
is 56 and arginine 83/105 gm. 

Another finding concerns the total charge of these 
molecules. Although the basic groups remain con- 
stant, a decrease in dicarboxylic acid content together 
with a higher amide ammonia results in a lower net 
anionic charge in the lower phyla. Thus at neutral 
pH the vertebrates and sea cucumber have 80-90 
charges/10° gm., lobster and squid about 70/10° gm., 
and the annelids about 30/105 gm 

These data indicate that the lysine—arginine dis- 
tribution and total anionic charge of a given tropo- 
myosin can be correlated with the phylum to which 
the animal belongs. 

An apparent exception to these regularities was 
found when squid tropomyosin was compared 
with the tropomyosin found to be abundant in 
clam smooth-muscle adductor? ; the latter had a low 
net charge and inversion of its lysine and arginine 
values compared with squid. Ammonium sulphate 
fractionation of clam tropomyosin yielded a main 
fraction (about 80 per cent) precipitating between 
28 and 40 per cent saturation, termed here tropo- 
myosin A, and a second fraction precipitating between 
45 and 65 per cent saturation, termed here tropo- 
myosin B. Tropomyosin B has the same lysine and 
arginine values as squid tropomyosin, and approx- 
imately the same charge. 

This seems to be the first time that two tropo- 
myosins have been isolated from a single muscle. 
It appears that tropomyosin B corresponds to the 
tropomyosins found in other animals. Because of 
its abundance and because of the small amount of 
myosin which can be isolated from clam muscle, 
tropomyosin A appears to be part of the contractile 
system in clam adductor muscle. 

Attempts in this laboratory to isolate such a second 
tropomyosin from rabbit skeletal myosin have been 
made recently in the light of evidence* that mam- 
malian tropomyosins contain two free —SH groups 
per molecule. Performic acid oxidation of purified 
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myosin gives in the product a mixture of two peaks 
on ultracentrifugal analysis, one sedimenting similarly 
to tropomyosin and a slower one similarly to de- 
polymerized actin. Purification so far has enriched 
the tropomyosin content to 70 per cent; amino- 
acid analysis of this product corresponds to a mixture 
of 30 per cent of actin and 70 per cent of a tropo- 
myosin which is much richer in phenylalanine and 
histidine and much poorer in alanine than free tropo- 
myosin. It appears, therefore, that a tropomyosin A 
is also present in rabbit muscle as a constituent of 
the contractile system. 
Detailed accounts of this work will be published 

elsewhere. 

D. R. Kominz 

F. SaaD 

K. Lak 
National Institute of Arthritis and Metabolic Diseases, 

National Institutes of Health, 
Public Health Service, 
U.S. Department of Health, Education, and Welfare, 
Bethesda, Maryland. Nov. 5. 
* Kominz, D. R., Hough, A., Symonds, P., and Laki, K., Arch. Biochem. 
and Biophys., 50, 148 (1 954). 

* Bailey, K., Biochem. J., 64, 9P (1956). 
* Szent-GyOrgyl, A. G., _ Biochem. and Biophys., 42, 305 (1952). 
* Kominz, D. R., Saad, , Gladner, J. A., and Laki, K., Arch. Bio- 
chem: and Biophys. ia’ the press). 


* Yoshimura, K., Memoirs Faculty Fisheries Hokkaido Unie., 3, 159 
(1955). 





A Basal-Cell Carcinoma in the Fowl 


In birds, though sarcomata are well known, 
carcinomata appear to be extremely rare’. The 
literature contains few references to these, one of 
the most recent being to that reported in a Pennant’s 
parakeet’. In the course of work in this department 
a small flat tumour about | cm. across was noted at 
autopsy in a Brown Leghorn capon between the 
right ear and the angle of the jaw. Feathers, appar- 
ently normal for that site, were distributed over the 
area of the tumour. The growth, together with the 
surrounding skin, was sectioned in a plane normal 
to the surface. Upon histological examination the 
tumour was found to be a typical basal-cell carcinoma. 
This diagnosis was kindly confirmed for us by Prof. 
R. A. Willis. Within the growth carcinomatous cells 
could be seen to be invading the mesodermial cores 
of feather papillze, as shown in Fig. 1. We owe to 





Fig. 1. Section of tumour, normal to the surface, which is to the 
left. The growth is seen invading the papilla of a small feather 








208 


Prof. Willis the suggestion that this carcinoma may 
in fact be derived from basal-cells of a feather-germ. 

The bird was nine years old and had in previous 
years been used in work involving the administration 
of cestrone. This had been given in four intradermal 
injections into the breast, each of 0-05 mgm., in alcohol, 
spread over a period of six months. It had also been 
given a dose of 500 r. X-irradiation directed to a 
patch about 2cm. x 3 cm. on the back of the neck just 
below the base of the skull and so just posterior and 
rather median to the site of the growth. The radiation 
was of approximately 1-25 mm. aluminium half- 
value layer and the focus-skin distance was 10 cm. 

Our sincere thanks are due to Mr. T. J. Tulley, 
who, with the kind permission of Dr. K. W. Beetham, 
administered the radiation in the Radiotherapy 
Department of the Hull Royal Infirmary. 

JacK COHEN 
Pau G. ’ESPINASSE 
Department of Zoology, 
The University, 
Hull. 


Nov. 1. 


—_ > A., “Pathology of Tumours”, 267, 2nd edit. (Butterworth 
, London, 1953); and private communication. 


+ Onan, ti W. C., Wadsworth, J. R., and Woodruff, R. 8., Ve, 
, 50, No. 10, 463 (1955). 


Inaccuracy of Anaphase Bridges as a 
Measure of Radiation-induced Nuclear 
Damage 


OnE of the most significant contributions that led 
to the development of the target theory in regard to 
chromosome aberrations was Sax’s observation! that 
X-ray-induced dicentrics and rings, which require two 
breaks or hits, increase as the square of the dose. 
There have been numerous reports in the literature, 
however, of a linear*dose curve resulting from the 
scoring of anaphase bridges that ostensibly come from 
the dicentrics and rings. Even Sax himself has re- 
ported in a paper by Sax and Brumfield? such a linear 
one-hit curve in the seed of Vicia faba. Later, Wolff? 
found that if the metaphase configurations in Vicia 
were scored, the theoretically important parabolic 
two-hit curve was obtained. The differences in these 
two curves were attributed to many diverse phe- 
nomena. Wolff thought that the difference between 
his curves and those of Sax and Brumfield might be 
due to the fact that they may have scored single 
bridges resulting from one-hit isochromatid breaks, 
rather than the double bridges associated with 
dicentrics and rings. Caldecott**, however, in a 
series of papers in which he obtained the linear curve 
for anaphase bridges in barley, observed that the 
bridges were all double, and postulated that the 
apparent contradiction between Sax’s and Wolff’s 
two-hit curves on one hand, and Caldecott’s and 
Sax and Brumfield’s one-hit curves on the other, 
might be due to differences in hydration of the 
material’. Since the two-hit curve is of very great 
importance for the theory of the production of 
chromosome aberrations, it is important that the 
discrepancy in the two types of curves be studied. 

In order to test this discrepancy observations were 
made both of metaphase and anaphase in barley, the 
material in which a linear curve had been reported 
for anaphase bridges. It should be pointed out at 
this time that the scoring of metaphase aberrations 
is far more satisfactory than the scoring of anaphase 
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bridges*. This is due to the fact that at metaphase, 
unlike anaphase, one can see all the chromosomes and 
distinguish nearly all the aberrations. However, in 
materials that are comparatively difficult to use 
cytologically, anaphase may be the only stage that 
can be scored very readily. Barley, if handled by 
ordinary methods, is an example of such difficult 
material. By the use of a new squash method for 
barley’, however, large numbers of scorable meta- 
phase configurations can be obtained. 

The technique used in these studies consisted 
essentially of irradiating both dry and wet seeds 
(soaked 8 hr.) with various doses of 250 kVp. X-rays 
(1,000 r./min., half-value layer 0-55 mm. of copper) 
and then placing them on moistened filter paper in 
Petri dishes. At 24-26° C. the first mitotic divisions 
of barley root tips usually occur about 24 hr. after 
beginning of germination. Consequently, after 20 hr. 
the seeds were removed from the filter paper and 
placed on filter paper that had been soaked with 
a 0-2 per cent colchicine solution and were then 
allowed to germinate further on the colchicine. This 
treatment destroyed the spindle and allowed all the 
dividing cells to accumulate at metaphase. The seeds 
were then fixed in a mixture of 6 parts absolute 
alcohol, 3 parts chloroform and 1 part acetic acid 
and stored overnight at 60° C. in the fixative. After 
an 8-min. Feulgen hydrolysis the seeds were stained 
in leuco-basic fuchsin and treated with a 5 per cent 
pectinase (obtained from Nutritional Biochemicals 
Co.) solution for about 2 hr. Those root tips in 
which anaphases were studied were not treated with 
colchicine but otherwise underwent identical treat- 
ment. For each point of the dose curves, 300 ceils 
were scored from a total of six slides. 

In Fig. 1 it may be noted, both in the dry and in 
the hydrated seeds, that if dicentrics and rings are 
scored at metaphase the theoretically expected two- 
hit curve is obtained, that is, the dicentrics and rings 
increase as the square of the dose. However, if only 
anaphase bridges are scored it is found that they 
increase linearly with dose. These are all double 
bridges such as would be expected from dicentrics 
and rings. The difference, therefore, is not due to 
the bridges being the result of isochromatid aberra- 
tions as was once postulated, or to the differences 
in hydration, since this occurs in both dry and soaked 
seeds. At present all that can be said is that the 
discrepancy seems to be some sort of an artefact 
that appears when anaphase bridges are scored. We 
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Fig. 1. Dose-effect curves obtained for two-hit aberrations 
when metaphase and anaphase are scored 
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do not know what causes this. 
Most phenomena which could 
prevent dicentrics and rings 10 
from making observable bridges 
--as the two centromeres going oF 
to the same pole in such a 
manner that the two chrom- se 
atids fall apart, or non-dis- 
junction occurring by which 
one of the centromeres drags 
the other centromere up to the 
same pole—would be expected 
to occur in @ constant propor- 
tion of cases regardless of 
dose. One would, therefore, 
not expect to obtain a linear 
one-hit curve but a two-hit 3 
curve, increasing as the square 
of the dose but somewhat less el 
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rapidly than the original meta- by 

phase curve. 1- 
Another very important point | 
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ately the amount of nuclear 
damage, has no constant rela- 
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tion to the anaphase curve. At 
low doses, nearly as many 


sodium ions, 25° C 


oe 0-181 N per cent sodium diethyldithiocarb- 
amate, 25° C. ; 


aberrations will be scored at Fig. 1. The fractionation of basic amino-acids and the Somties carnosine and anserine x4 


anaphase as at metaphase, 
whereas as the dose increases, 
the discrepancy between the 
two curves becomes greater and 
greater. This means, of course, that anaphase results 
do not give a very accurate indication of the amount 
of nuclear damage. Consequently, one has to use 
great care in correlating other radiation effects to 
nuclear damage as measured by anaphase bridges. 
This work was performed under U.S.A.E.C. Con- 
tract No. W-7405-eng-26. 
SHELDON WOLFF 
H. E. Lurproip 
Biology Division, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 
Nov. 7. 
‘Sax, K., Genetics, 23, 494 (1938). 
* Sax, K., and Brumfield, R. T., Amer. J. Bot., 30, 564 (1948). 
* Wolff, 8., Nature, 173, 501 (1954). 
‘Caldecott, R. S., and Smith, L., Cytologia, 17, 224 (1952). 
‘Caldecott, R. 8., Ann. N.Y. Acad. Sei., 59, 514 (1955). 
* Lea, D. E., “Actions of Radiations on Living Cells”, 235, 2nd edit. 
(University Press, Cambridge, 1955). 
’ Wolff, S., and Luippold, H. E., Stain Tech., 31, 201 (1956). 


An lon Exchange Method of determining 
Carnosine, Anserine and their Precursors in 
Animal Tissue 

ALTHOUGH elegant procedures have been described 
for the separation of the neutral and acidic amino- 
acids by elution from sulphonated polystyrene resins, 
the quantitative separation of the basic amino-acids 
has proved more difficult™*. For example, when the 
pH of the eluting buffer is more than 7 their re- 
coveries rarely exceed 80 per cent. It is for this 
reason that buffers of pH less than 7 and relatively 
high sodium ion concentration have previously been 
used in their separation, although such conditions 
greatly reduce the sensitivity of the method. 


buffered elution from a 50 cm. column 0-9 cm. diameter, packed with ‘Dowex-50’ resin, 4 
cent we The Lek aoe and running of such a column have been described (refs. “>. 
A photometric ref. 7) 


in method was used to estimate the amino-acids ( 


In general, the separation of amino-acids containing 
groups of closely similar pK value is greatest when 
the pH of the eluting buffer is 1-2 units higher than 
the pK of the group controlling the cation exchange 
with the resin*, which in the case of the basic amino- 
acids is the weaker of the two basic groups present. 
This communication mainly describes the separation 
of amino-acids containing an imidazole nucleus, that 
is, histidine, N-methylhistidine, carnosine and anser- 
ine, in which the imidazole pK controlling the ex- 
change varies from 6-00 for histidine to 7-04 for 
anserine. Optimal separation of amino-acids within 
this narrow range of pK should therefore be achieved 
by using a buffer between pH 8 and 9 and by manipu- 
lating the cationic strength to give a low distribution 
ratio. Unfortunately, it is precisely in this range 
of pH that the recovery falls most drastically, and 
it is suggested that these losses may be due to traces 
of heavy metals in the resin material forming a com- 
plex with the amino-acid. This is borne out by the 
fact that complete recoveries are obtained when 
powerful chelating agents are added to the buffers. 
As sodium diethyldithiocarbamate is found to be 
most effestive for this purpose, it is likely that the 
contaminating ions are copper. Once the yield has 
been improved in this way, the sodium ion con- 
centration can be adjusted to give convenient 
eluting volumes. The final method adopted is shown 
in Fig. 1. 

The method has been used for examining the levels 
of carnosine and anserine and of the precursors, 
histidine and N-methylhistidine, in the muscles from 
various animal species. The results are summarized 
in Table 1. Samples of muscles were prepared as 


soon as possible after the death of the animal so 
that the possibility of any hydrolysis of the dipeptides 
was reduced to a minimum‘. 
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Table 1. THE CONTENT OF ANSERINE, CARNOSINE, HISTIDINE AND 
N-METHYLHISTIDINE OF RED AND WHITE MUSCLES FROM A NUMBER 
OF ANIMAL SPECIES 





Histidine and 
N-methyl- 
histidine 
(umol./gm.) 


Carnosine 
(umol./gm.) 


Anserine 
(umol./gm.) 





wore 


} 


ors. 
Longissimus 
dors 
Pectoral 


Longissimus 
dorsi 

Gastroc- 
nemius 

Heart 


bo 
oo 8 WHO © OFOCSO CNW 


roc x 
co So S80 S&S COSSe ocOo 























The most significant feature of the results is that 
the so-called white muscles, for example, the pectoral 
of the fowl and the psoas and longissimus dorsi of the 
rabbit, contain large amounts of anserine and little 
carnosine, whereas red muscles such as the pectoral of 
the pigeon and semitendinosus of the rabbit contain 
little of either dipeptide. ‘lhe extreme case of a red 
muscle is, of course, the heart, which is better supplied 
with blood than other muscles. Rat and rabbit heart 
contain no detectable amounts of carnosine or anserine. 
The longissimus dorsi of the horse is exceptional in 
having a@ high level of carnosine, but no anserine, 
while the considerably whiter muscles of the rat con- 
tain little anserine and almost no carnosine. There 
is a relatively low concentration of the dipeptides 
in the longissimus dorsi of the sperm whale. In no 
case are the precursors histidine and N-methyl- 
histidine present in detectable amounts. It is inter- 
esting that the peak which contains the neutral and 
acidic amino-acids (Fig. 1) is $-10 times larger in 
muscles containing little or no carnosine and anserine 
than for muscles rich in these dipeptides. The high 
concentration of these amino-acids in muscles such 
as rat heart is of the same order as the concentration 
of the dipeptides in white muscle such as rabbit 
psoas. 

The results, which are particularly interesting in 
view of the recent importance attached to carnosine 
and anserine in both aerobic and anaerobic glyco- 
lysis®**, are being followed up with a detailed study 
of the intermediary metabolism of these dipeptides. 


C. L. Davey 
(New Zealand Defence Scientific Corps.) 


Low Temperature Research Station for 
Research in Biochemistry and Biophysics, 
University of Cambridge, 
and 
Department of Scientific and Industrial Research. 
Oct. 16. 


1 Moore, S., and Stein, W. H., J. Biol. Chem., 192, 663 (1951). 

2 Moore, S., and Stein, W. H., J. Biol. Chem., 211, 893 (1954). 

* Davies, C. W., Biochem. J., 45, 38 (1949). 

* Jones, N. R., Biochem. J., 60, 81 (1955). 

5 Yudaev, N. A., Smirnov, M. I., Razina, P. G., and Dobbert, N. M., 
Biokhimiya, 18, 732 (1953). 

“ers oe P. in Zaitseva, N. N., Doklady Akad. Nauk. S.S.S.R., 
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interconversion of 17-Keto and 176-Hydroxy! 
Groups in Steroids by Protozoa 


Ir has been amply demonstrated that bacteria, 
yeasts, moulds and actinomycetes convert steroids 
in various ways. In many instances, the products 
obtained by such microbial action have been identified 
and range from modifications at one or two carbon 
atoms (hydroxylation, dehydrogenation, etc.) to a 
complete degradation of the steroidal molecule!. 
However, almost nothing is known about the ways 
in which such compounds are affected by micro- 
organisms of the animal kingdom. It has been re- 
ported that in some cases Protozoa require steroidal 


materials for their subsistence*, but the identity of 


their metabolic intermediates or products has not 
been established. We wish to report that a specific 
and well-defined reaction can be brought about by 
two protozoan species of the genus T'richomonas. 

Cultures of T'richomonas gallinae were grown in 
100 ml. of a trypticase — serum — thioglycollate 
medium for 24 hr. at 37°C. At the end of this 
period 10 mgm. of the steroid to be tested was added 
to the culture and the incubation continued for an 
additional 24 hr., either under anaerobic conditions 
or aerated in shaken flasks. The steroidal material 
was then extracted from the culture medium with 
methylene chloride and identified by paper chromato- 
graphy in six solvent systems’. 

The results indicated that all the 17-ketosteroids 
tested were reduced to their corresponding 178- 
hydroxy analogues in an anaerobic environment, and 
that a reversal of such reductions occurred under 
aerobic conditions (Table 1). 


Table 1. CONVERSIONS OF STEROIDS BY Trichomonas gallinae 
10 mgm. of steroid dissolved in 1 ml. propylene glycol/100 ml. medium 
One-day growth and one-day conversion at 37° C. 





Reaction Substrate Product 





Reduction 


4-Androstene-3,17-dione 


4-Androstene-3,11,17- 
trione 

1,4-Androstadiene-3,17- 
dione 

lla-Hydroxy-4-andro- 
stene-3,17-dione 

118-Hydroxy-4-andro- 
stene-3,17-dione 

38- Hydroxy- 5-androsten- 
17-on 

38- Aooteny- -5-androsten- 
17-one 


(Estrone 


178-Hydroxy-4-andro- 
sten-3-one 
178-Hydroxy-4-andro- 
stene-3,11-dione 
178-Hydroxy-1,4-andro- 
stadien-3-one 
1la,178-Dihydroxy-4- 
androsten-3-one 
118,178-Dihydroxy-4- 
androsten-3-one 
5-Androstene-38,178-diol 


38-Acetoxy-5-androsten- 
178-ol + 38-Hydroxy- 
5-androsten-17-one + 
38-Hydroxy-5-andro- 
sten-17f-ol 

(Cstradiol 





Oxidation 








178-Hydroxy-4-andro- 
sten-3-one 

118,178-Dihydroxy-4- 
androsten-3-one 

178-Hydroxy-4-andro- 
stene-3,11-dione 

178-Hydroxy-4-estren-3- 
one 





4-Androstene-3,17-dione 


118-Hydroxy-4-andro- 
stene-3,17-dione 

4-Androstene-3,11,17- 
trione 

4-(Estren-3,17-dione 











In addition, the bioconversion product of 4-andro- 
stene-3,11,17-trione was isolated by column chromato- 
graphy and identified as 178-hydroxy-4-androstene- 
3,ll-dione (11-ketotestosterone) by mixed melting 
point with the corresponding authentic steroid and 
by infra-red analysis. No transformations by this 
organism of A‘-3-keto-pregnene derivatives were 
detected. 

These results show that the trichomonad contains 
a dehydrogenase which carries out a specific inter- 
conversion of the 17-keto and 178-hydroxyl groups 
in C,, and Cy, steroids : 
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We’ have observed that another trichomonad 
(T'. foetus) also brings about specific transformations 
of this type. 

The interconversion of keto- and hydroxy-steroids 
occurs in @ variety of mammalian tissues‘. In many 
instances, bacteria’, yeasts*, moulds? and actino- 
mycetes* have also been reported to affect the 
oxygenation of C,, and C,, steroids in the 17- as well 
as the 3-positions. Our findings show that reactions 
of this type can also be carried out by Protozoa. 

Further work will be published elsewhere. Acknow- 
ledgment is made to Mr. L. M. Reineke and his 
associates for the paper chromatographic analyses, 
and to Dr. J. L. Johnson and Mrs. G. 8. Fonken for 
the infra-red spectrographic data. 

OupRicH K. SEBEK 
Raopa M. MICHAELS 
Research Laboratories, 
The Upjohn Company, 


Kalamazoo, Michigan. 
Nov. 2. 
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Isolation of Melanin Granules 


THE study of melanin granules is of both com- 
mercial and academic importance in the investigation 
of the pigmentation and bleaching of animal fibres. 
A means of separation of the granules from the keratin 
matrix which leaves them morphologically and 
chemically unaffected is therefore desirable. The 
methods of isolation which have so far been used 
consist in dissolving the keratinous material either 
by acid or alkaline hydrolysis, or by treatment with 
a mixture of phenol hydrate and thioglycollic acid. 
Of these, the last’* appears to be the most satis- 
factory, because it leaves the granules undamaged. 
It is, however, extremely laborious, involving reflux- 
ing of the protein substance for twenty-four hours, 
after which the resultant suspension is centrifuged 
for 10 hr. 

By refluxing melanin-containing protein with 
60 per cent w/v hydrazine/absolute alcohol solution 
for 2 hr., using a liquor ratio of 50:1, it has been 
found possible to isolate the pigment granules. The 
protein is converted into hydrazides of low molecular 
weight®* and any undispersed matter is filtered out 
on @ coarse filter paper, through which the granules 
pass. The suspension is centrifuged for 2 hr. at 
2,000 g, the supernatant liquor is sitet off and 
the residual granules are washed three times with 
distilled water. 
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Fig. 1 


The accompanying electron micrograph (Fig. 1), for 
which we are indebted to Dr. J. Sikorski, shows gran- 
ules which have been isolated by the above.treatment 
from dark-brown Welsh mountain wool. As may be 
seen, they appear to be morphologically unaffected, 
though in this instance they were refluxed for 4 hr. 
Even after digestion for 2 hr., however, the granules 
are quite clean, and no advantage is to be gained 
by the longer treatment. 

A. Finson 
J. Hore 
Textile Chemistry Laboratory, 
Department of Textile Industries, 
University, Leeds. Oct. 26. 
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« Blackburn and Lee, J. Teat. Inst., 45, 7148 (1954). 


Interatomic Bonding in Manganese 
Trifluoride 


THE monoclinic unit cell of manganese trifluoride 
has dimensions a, 8-904 + 0-003; 6, 5-037 + 0-002; 
c, 13-448 + 0-005 A.; 8, 92-74 + 0-04°, and con- 
tains twelve manganese and thirty-six fluorine atoms 
in general and special positions! of space group 
C2/e — C*%,,. The structure is pseudo-rhombohedral, 
and since the packing of fluorine atoms is mid- 
way between close-packed hexagonal and a ReQ,- 
type defective cubic close-packing, it is classified as 
a VF,-type transition-element trifluoride?. MnF, 
octahedra are joined by sharing corners, and the 
lower symmetry of the structure, in comparison with 
other trifluorides of the first long period, results from 
the unusual occurrence of three different Mn—F bond- 
lengths (2-09, 1-91 and 1-79 A.) within each octa- 
hedron. 

Crystal-field (or ligand-field) theory* has been 
applied recently by Harris, Nyholm and Stephenson‘ 
to explain the abnormally long Pd-I bonds observed 
in the distorted octahedral complex Pd(diarsine),I,. 
A similar explanation is now offered for the unsym- 
metrical bonding in manganese trifluoride. 

The magnetic moment® of 4-9 Bohr magnetons 
implies that there are four unpaired electrons in the 
3d shell of the Mn(III) atom. Three of these occupy 
the d, orbitals, and the remaining electron is probably 
in a 3dz orbital. The empty 3d;g:_y:) orbital points 
in the direction of four fluorine ions and together 
with the 4s and two 4p orbitals forms four hybrid 
dsp* bonds directed towards the corners of a square. 
The three singly occupied d, orbitals offer no repulsion 
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since they point between the fluorine atoms. The 
singly occupied 3d,: orbital points along the axis of 
the remaining two Mn—F bonds and must exert a 
repulsion. These two fluorine atoms are held either 
by ionic bonds or by linear hybrid 4p4d bonds, an 
interpretation which is in accordance with the 
abnormally long bond-length of 2:09 A. The four 
hybrid 3d(g:_yy4s84p* orbitals are not all exactly 
equivalent, since the bonds in the plane (1-91 and 
1-79 A.) are not of equal lengths. 

Neighbouring MnF, octahedra are oriented in such 
@ way that a fluorine atom common to both is either 
equidistant at 1-91 A. from each metal atom or is 
abnormally distant (2-09 A.) from one ese 
atom and at the same time abnormally close (1-79 A.) 
to the other manganese atom. In this way, the close- 
packing of distorted octahedra with shared corners 
is maintained. In terms of classical valency theory, 
the three different Mn—F bonds might be described 
as having different covalent and ionic contributions, 
the ionic contribution increasing with increasing 
bond-length. 

Ligand-field theory also offers an explanation for 
the unique difference between manganese and its 
neighbouring metals in their trifluoride structures. 
Chromium, manganese, iron and cobalt, each in the 
trivalent state, have electronic configurations as 
represented in Fig. I. 
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It is only for manganese, where the electron 
occupation of the d, orbitals is unsymmetrical, that 
the d, interaction with the ligands might be expected 
to be anisotropic. The iso-electronic Cr(II) fluoride 
is being examined to see whether a similar effect is 
observed. 

M. A. HEPworRTH 
K. H. Jack 


Chemistry Department, 
King’s College, 
Newcastle upon Tyne. 
R. 8. NyHoLM 
Chemistry Department, 
University College, 
London, W.C.1. 
Nov. 3. 
1 Hepworth, M. A., and Jack, K. H., Acta Cryst. (in the press). 
* Hepworth, M. A., Jack, K. H., Peacock, R. D., and Westland, 
J., Acta Cryst. (in the press). 
* Orgel, L. E., J. Chem. Soc., 4756 (1952), and references therein. 
‘ Harris, C. M., Nyholm, R. S., and Stephenson, N. C., Nature, 177 
1127 (1956). 
* Nyholm, R. S., and Sharpe, A. G., J. Chem. Soc., 3583 (1952). 
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Reaction between Oxygen and Hot Gold 


Durine the development of an apparatus for 
measuring the rate of disappearance of oxygen at a 
pressure of a few microns in the presence of hot metal 
filaments, gold was used for providing a ‘blank’. It was 
expected that the reaction would be immeasurably 
slow. 

In fact, the oxygen disappeared at a rate which 
was definite and reproducible (2 x 10-? ul. cm.-* 
min.-*), and, at a pressure of 3 microns, corresponded 
to a reaction probability of order 10-* for the im- 
pingement of oxygen at room temperature on gold 
at about 900° C. 

Oxygen disappears from the gas phase at a rate 
which decreases with time. This decrease is connected 
with the formation of a film on the ‘Pyrex’ reaction 
vessel, since if a fresh ‘Pyrex’ surface is exposed the 
rate of disappearance of oxygen rises again to its 
initial value. Lf the experiment is continued for some 
hours, the rate of disappearance of oxygen approaches 
asymptotically to a constant. 

The film deposited on the ‘Pyrex’ walls is at first 
pink and, when thicker, green, as viewed by trans- 
mitted light. X-ray diffraction suggests that the film 
has the lattice constant of pure gold. 

At a pressure of a few microns of oxygen, the rate 
of deposition of gold on the ‘Pyrex’ walls is some 
twenty times that to be expected from the vapour 
pressure of a pure gold filament and is constant with 
time. Evacuation of the vessel causes the enhanced 
evaporation to decay with a time constant of the 
order of a quarter of an hour. 

Since the rate of disappearance of oxygen decreases 
with time but that of gold transfer is constant, the 
ratio gold/oxygen increases with time. It seems to 
vary somewhat from experiment to experiment but 
is usually of order unity. 

If the walls are warmed, the rate of disappearance 
of oxygen increases (for example, by 50 per cent if 
the ‘Pyrex’ is warmed from 20° to 50°C.). The rate 
also increases if the experiment is stopped and 
restarted after an overnight period of ‘rest’. 

Under conditions in which the disappearance of 
oxygen approached the asymptotic rate, the rate is 
roughly proportional to the square root of the pressure 
over the range 1-11 microns. 

The reaction-rate increases with the temperature 
of the filament but does not give a linear Arrhenius 
plot. At 860°C. a rise of 25° in the filament tem- 
perature produces a 30 per cent increase in the rate 
of reaction. 

Vacuum fusion of the gold filament at the end of 
an experiment failed to recover the oxygen which 
had disappeared, and X-ray diffraction showed no 
abnormal lines. 

A possible interpretation is that the primary process 
is the formation of an oxide of gold on the surface 
of the hot filament. This evaporates and is initially 
depos:ted on the ‘Pyrex’ walls. However, the oxide, 
when thicker than about a monolayer, is unstable 
and hence subsequent arrivals break-up into gold, 
which remains, and oxygen atoms. Some of the 
latter are adsorbed on the surface of the deposit or 
on impact with the walls. Others recombine and 
regain the gas phase. 

The increased rate of disappearance of oxygen on 
heating the walls or resting overnight may be due 
to the migration of oxygen and/or oxide to less 
accessible sites under the influence of temperature 
and time. 
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The work is being continued and will be published 
in detail later. 
L. G. CARPENTER 
W. N. Marr 
Royal Aircraft Establishment, 
Farnborough, Hants. Oct. 16. 


Where is the Earth’s Radiogenic Helium ? 


At the estimated 2 x 109° gm. uranium and 
5 x 10% gm. thorium in the lithosphere, helium 
should be generated radiogenically at a rate of about 
3 x 10° gm./year. Moreover, the (secondary) cosmic- 
ray source of helium has been estimated to be of 
comparable magnitude. Apparently nearly all the 
helium from sedimentary rocks and, according to 
Keevilt and Hurley*, about 0-8 of the radiogenic 
helium from igneous rocks, have been released into 
the atmosphere during geological times (currently 
taken to be about 5 x 10° yr.). Hence more than 
107° gm. of helium should have passed into the 
atmosphere since the ‘beginning’. Because the atmo- 
sphere contains only 3-5 x 104% gm. helium-4, 
the common assumption is therefore that about 10° 
gm. of helium-4 must also have passed out through 
the exosphere, and that its present rate of loss through 
the exosphere balances the rate of exudation from 
the lithosphere. 

Spitzer* has given an exact formulation of the rate 
of loss of a given component from the exosphere. 
His result is : 


L = 4nR,* Cng Y exp(— Y) = a “be ny)| on 
0 0 
(1) 


where LZ is rate of loss of the ith component (in 
atoms/sec.) ;. R, is radius of the Earth at the surface 
(in em.) ; Re, is radius at the base of the exosphere ; 
C is root mean square velocity ; v,, is escape velocity ; 
Y = 3-2 (v,/C)*; mes and Y, apply to helium-3 
and m5, and Y, to helium-4. 

At C =v, (T = 20,700° K.), therefore, the rate 
of escape of helium-4 should be 1-4 x 108 x mo, gm. 
atoms per year. Now the experimental evidence 
from high-altitude studies indicates that hydrogen 
and helium do not concentrate significantly in the 
upper atmosphere as has previously been sup 
Since by definition Ing = 3-0 x 107 atoms/c.c. for 


‘ 

all species present at the base of the exosphere, mo, 
may not be appreciably greater than 180 atoms/c.c., 
giving an escape rate of approximately 
L=8 x 10? (20,700/7')!/* (exp(1-5 — 31,400/T) x 

3 (1 + 7/31,400)/5 (gm. helium-4/year) (2) 
Thus even at 20,700° K. where C = v,, the escape- 
rate of helium-4 (about 8 x 10!° gm./yr.) would be 
only about ten to twenty times greater than that 
required to maintain steady state with radiogenic 
and ‘cosmogenic’ helium, and at the assumed tem- 
perature of 1,500° K. at the base of exosphere, the 
rate of escape of helium-4 would be only about 
600 gm./yr., or only about 10-7 as great as the 
replenishment rate from the lithosphere. Spitzer 
computed, presumably by taking into account a 
theoretical increase in the concentration of helium-4 
in the upper atmosphere, that the rate of escape of 
helium-3 would be {1 — exp(— 1)} x 3-5 x 10% 
gm., or 2-3 x 10!5gm.in4 x 10% years at 1,000° K. ; 
in 2-4 x 10? years at 2,000° ; and in about ‘geological 
time’ (5 x 10® years) at 1,500°K. However, this 








NATURE 213 





does not take into account the replenishment which 
in 5 x 10° years would be about 10° times greater 
than the total loss from the atmosphere considered 
by Spitzer. Furthermore, results of rocket studies 
indicate that the temperature at the base of the 
exosphere may be even less than 1,500° K. To account 
for a supposed steady-state atmosphere as regards 
helium-4, a fluctuating temperature in the exosphere 
associated perhaps with solar disturbances has there- 
fore been suggested*. Since, however, even the 
unreasonably high steady-state temperature of 
7,000° K. would be required to remove the 6 x 10° 
gm./yr., any fluctuating-temperature model seems 
inadequate to explain a theoretical balance between 
escape and replenishment as regards helium-4 in the 
atmosphere. 

A further complication involves the ratio of 
helium-3 to helium-4 (*He/‘He) shown by Alvarez 
and Cornog’, Aldrich and Nier* and Coon’ to be 
0-3-1-4 x 10-7 in radioactive minerals, 1-4-1-7 x 
10-7 in natural gas and 1-2-1-3 x 10-* in the atmo- 
sphere. Equation (1) gives for the ratio helium-3 to 
helium-4 in escape gases : 

exp(t¥ ‘ Rel, 


a aes G)" Nos 
Thos = i b epee Ss 


Since no3/no9, = 1-3 x 10-%, one thus finds that the 
ratio helium-3 to helium-4 in the escape gases should 
be 0-01 if the exosphere temperature is 1,500° K. 
and 2 x 10~* if it is 2,500°K. If, therefore, T = 
1,500° K., one requires an unknown source of about 
10° gm./yr. of helium-3 and, if T = 2,500°K., a 
source of about 2 x 10° gm./yr. to maintain a con- 
stant concentration of helium-3 in the atmosphere. 
The tritium source of helium-3 is only about 100 gm./ 
yr. and the lithospheric source apparently no more 
than about 800 gm./yr. 

Where, therefore, is the ‘sink’ for about 6 x 10° gm. 
helium-4 per year and the ‘source’ for helium-3 that 
maintains a ratio of helium-3 to helium-4 (atmosphere) 
nearly ten times greater than that for the lithosphere, 
despite a theoretical escape ratio of about 10-*. 
Perhaps the answer may be found in a non-steady 
rather than a steady-state solution in which helium-4 
is still increasing and in which the relatively high 
ratio of helium-3 to helium-4 in the atmosphere 
compared with that in the lithosphere may be the 
result of terrestrial accretion of meteoric materials 
which are known to have occluded helium with a 
very high ratio of helium-3 to helium-4 (up to® 0-3). 
This leads, however, to an ‘anomalous’ atmospheric 
chronometry which is, on the other hand, in approx- 
imate agreement with the chronometry one obtains 
from the annual uranium flux in river water 
(102°-10" gm./yr.) compared with the total uranium 
present in the oceans (about 10° gm.) °. 

Metvin A. Cook 





Department of Metallurgy, 
University of Utah, 
Salt Lake City. Oct. 10. 
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Simulation of Astrophysical Processes in 
the Laboratory 


A PLASMA gun (or plasma source) has been de- 
veloped which can project plasmoids' (plasma- 
magaetic entities) across a magnetic field (in a 
vacuum) at speeds up to 10? em./sec. A Taylor- 
instability jet* produced in a plasma supported 
against gravity by magnetic field may thus be 
simulated and studied in the laboratory. The 
track left by the plasmoid in crossing a magnetic 
field is luminous' because of the recombination 
light of the ions and electrons which have been 
left behind as ‘debris’. The track may thus be 
photographed. 

If a pressure of a few microns of residual gas 
is used instead of a vacuum of 10-§ mm. mercury, 
the photo-ionization produced in this gas can 
give rise to currents that produce an electromag- 
netic brake on the plasmoid. This braking action 
not only decelerates the plasmoid but also deflects 
it into a spiral. The presence of other plas- 
moids' intensifies this process of deceleration and 
deflexion. 

These processes were first documented with time- 
exposure photographs. A more spectacular demonstra- 
tion of the eftects can be obtained with Kerr-cell 
photographs such as are shown in Fig. 1, where four 
plasma sources fire simultaneously across a magnetic 
field. The pictures show a time-sequence where the 
four arms wrap themselves up into a spiral, ending 





Fig. 1. Kerr-cell photographs (2-usec. exposure) of the recombination light resulting from 


simultaneous projection (roughly radially) of four plasmoids 


guns lasts about 0-5 usec. The guns are 


air and some pump-oil vapour 
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across a magnetic field of 
4,000 gauss (into the paper) and at a pressure of 2-6 —" The qurrent me ie oper 
symmetrically on periphery of a 
10-cm. diameter ring. Exposures are taken with a sequence of adave of 2, 4, 6, 8, 12, 
16, 20, 25 and 30 usec. The residual gas in the chamber is a combination of deuterium, 
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Fig. 2. Kerr-cell photographs (2-usec. exposure) of the recom- 
bination light resulting from the simultaneous firing of two 
plasmoids across the magnetic fields indicated. Pressures in 
microns; delay times in usec. The barred spiral configuration 
shown here is easily produced over a wide range of parameters 


in a ring at the end of a 30-yusec. interval. (The 
plasmoids are composed of deuterium and titanium 
ions, since the wires of the plasma sources are 
deuterium-loaded titanium.) 

The photographs of Fig. 2 taken with two plasma 
sources firing simultaneously under various conditions 
show a type of configuration that is very easy to 

obtain. These configurations will 
be recognized by astronomers as 
barred spirals. 

The conditions for the photo- 
graphs of Fig. 3 represent higher 
pressures (and hence more braking 
action) than those of Figs. 1 and 
2. In oa and 6b of Fig. 3, two 
plasmoids are stopped short of 
ever coming in contact with one 
another. In ec of Fig. 3, eight 
plasmoids are projected inward 
simultaneously, but with the press- 
ure so high that they remain 
separate and do not coalesce. 

We suggest that the processes 
displayed in these photographs are 
actually organically related to geo- 
metrically similar astrophysical pro- 
cesses, although the laboratory 
magnetic fields (4,000 gauss) are 
greater by 10°, laboratory atom 
densities (about 10%* cm.-*) are 
greater by 10'!*-10'*, laboratory 
distances (about 10 cm.) are less 
by 10**, laboratory time-scale (about 
10 usec.) is faster by 10**, laboratory 
speeds (105-10'° cm./sec.) are com- 
parable, but less by 10-10%. We 
suggest that Fig. 1 is represent- 
ative of the basic processes in- 
volved in the formation of a spiral 
galaxy* and perhaps of an indi- 
‘vidual star; that Fig. 2 is repre- 
sentative of the basic processes 
involved in the formation of barred 
spirals known to astronomers ; and 
that a and 6b of Fig. 3 represent 
the formation of binary stars. 
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(b) 1°5 psec. 


Fig. 3. (a) and (6) show two plasmoids fired across a 4,000-gauss magnetic field at pressures 
(8 and 18 microns) so great that the plasmoids never come into contact. (c) represents 
eight plasmoids fired at such a high pressure (6 microns) that the plasmoids remain 


separate 


This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 
Wryston H. Bostickx* 
Orgin A. TWITE 


University of California Radiation Laboratory, 
Livermore, California. 


* Now at Stevens Institute of Technology, Hoboken, N.J. 


' Phys. Rev. and Rev. Sci. Instr. (in the press). 
? Bostick, W. H., Phys. Rev., 100, 1007 (1955). 


Crystallographic and Geological Factors 
in the Growth of Garnets from Central 
Perthshire 


In the process of mineralogical and petrological 
studies of the metamorphic rocks in the Central 
Highlands of Scotland, it has been found that in 
certain minerals, particularly garnets, there is 
evidence of interplay of crystallographic and geo- 
logical factors. Such is seen in the sample which 
has been collected from central Perthshire (National 
Grid No. NN 913602). It consists of compact 
impure graphitic limestone studded with numerous 
dodecohedral garnets, up to 5 mm. in diameter, but 
normally of the order of 2 mm. In addition to calcite 
and garnet, the rock contains an appreciable amount 
of quartz, muscovite, chlorite and ores. Graphitic 
dust is concentrated in calcite, muscovite and 
chlorite. 

Most of the garnets consist of two zones. The 
inner zone, in sections cut parallel to 101, normally 
shows a radial arrangement of six sectors of clear 
garnet, without inclusions, interspersed by six zones 
of garnet with numerous inclusions of calcite and 
occasional quartz. Such inclusions are dimensionally 
elongated and possess a parallel orientation which 
does not change from one sector to the other. The 
outer zone of each garnet is not subdivided into 
sectors and has many homogeneously distributed 
inclusions. These are oriented so that on the dia- 
metrically opposite sides of the outer zone they show 
a deflexion in an opposite sense. In other words, 
together with the inclusions of the inner zone, they 
form an (inverted) S-shaped trend with the central 
straight part of the S situated in the inner zone and 
the curved parts in the outer zone. The calcite 
crystals in the matrix, at the margin of the garnets, 
are often elongated across the trend of the inclusions 
in the outer zone. Sometimes a selvage of quartz 
separates the garnet from the matrix. 

The grain size of the inclusions of calcite in the 
outer zone is generally slightly larger than those of 
the inner zone. The grain size of the crystals of 
quartz and calcite in the matrix is larger than that 
of either set of the inclusions. 
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Distribution of inclusions in the 
inner zone conforms to the cases 
described by Karpinsky! and Har- 
ker*, who suggested that they are 
situated on rhombohedral  sur- 
faces converging towards the centre. 
The fact that the inclusions of 
the inner zone have similar orienta- 
tions in different sectors sug- 
gests that they have been parts 
of a pre-garnet fabric and that 
during the growth of the inner 
zone of the mineral they have 
not been deflected. Thus the growth of garnet 
proceeded under static conditions. Evidently, 
under such conditions, the purely crystallographic 
factor of velocity of growth determined those sectors 
where growth was fast and inclusions were preserved, 
and those where the slowly growing mineral allowed 
the dissolution of inclusions. The fact that, despite 
the relative irregularity of the inclusion-bearing 
sectors the individual grains are not deflected, 
signifies that they were not ‘brushed aside’, The 
‘velocity of growth’ explanation accords with pos "1- 
lates put forward by Seagar*, who maintains that tiv 
combination of fast initiation and growth on the edges 
leads to rapid growth of a skeletal crystal with rela- 
tively retarded growth of the faces. 

In the outer zone, the more or less uniform distribu- 
tion of inclusions implies that the velocity of growth 
was generally high enough to ensure the preservation 
of the inclusions. Since the inclusions in the outer 
zone show an S-shaped trend, the growth of the 
mineral must have proceeded under dynamic con- 
ditions happening simultaneously with rotation of 
the garnet. Thus the dynamic factor of deformation 
increases the velocity of growth to such an extent 
that the purely crystallographic effects, seen in the 
inner zone of the mineral, are completely over- 
shadowed. 


(c) 5 psec, 


N. Rast 
B. A. Sturt 
Geology Department, 
University College of Wales, 
Aberystwyth. 

? Karpinsky, Mel. Phys. Chim. St. Petersbourg, 12, 639 (1887). 

* Harker, ““Metamorphism”, 3rd edit., 41 (1950). 

* Seagar, Min. Mag., 30, 1 (1953). 


Importance of Calcium and Magnesium 
lons in Phototaxis of Motile Green Algzw 


Durine the past year phototactic behaviour has 
been studied in a number of motile green alge and 
dinoflagellates at this laboratory and at Hopkins 
Marine Station of Stanford University, California’. 
These flagellates swim either towards the light or 
away from it, depending upon their recent past 
environment in ways that are far from being under- 
stood. When any of the organisms examined was 
transferred to fresh medium, a negative phototaxis 
resulted immediately. The direction of response was 
independent of light intensity. When the organisms 
were kept in the same medium for some time, from 
hours to days, their reaction became positive, irre- 
spective of the light intensity. 

Some experiments have been performed with 
Platymonas subcordiformis (Wille) Hazen (A. Gibor’s 
strain) directed at analysing the chemical factors 
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affecting these reactions. It has been shown that 
carbon dioxide and oxygen in the medium are not 
primarily responsible for these changes. It has 
further been shown that Ca++ and Mgt+ are involved 
and that they are antagonistic in their effect. Cat+ 
causes a negative and Mg**+ a positive phototaxis. 
A number of other ions have been tested but so far 
these have produced no effect. 

The effect of Ca++ was measured as the negative 
phototactic activity, recorded as swimming rate, 
obtained with different concentrations of calcium 
chloride in a 0-5 M sodium chloride—calcium chloride 
solution; and the effect of Mg++ as the positive 
phototactic activity, recorded as swimming rate, 
obtained with different concentrations of magnesium 
chloride in a 0-5M sodium chloride—-magnesium 
chloride solution (at concentrations higher than 
0-5 M magnesium chloride, magnesium chloride in 
glass-distilled water was used, sodium chloride 
being omitted). The results are given in Fig. 1. 
For Ca++ the cells were motionless below 0-005 M 
calcium chloride. With increasing calcium chloride 
concentration the negative phototactic activity rose 
to @ maximum at 0-05-0-1 M and then fell to zero 
at 0-3.M. Above this concentration the cells were 
motionless. For Mgtt+ the cells showed no movement 
below 0-035 M magnesium chloride. With increasing 
magnesium chloride concentration the positive photo- 
tactic activity increased to a maximum at 0-15- 
0-25 M, then decreased slowly to zero at 1-75 M. 
Above this concentration the cells were motionless. 

Fig. 2 shows the results of an experiment in which 
the calcium chloride/magnesium chloride ratio was 
altered in a 0-5 M sodium chloride—calcium chloride— 
magnesium chloride solution. The organisms showed 
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positive phototaxis when the ratio calcium chloride/ 
magnesium chloride was less than 1 : 6, they showed 
negative phototaxis when the ratio calcium chloride/ 
magnesium chloride was greater than 1 : 6, and they 
showed random motion when the ratio was 1: 6. 

One of the reasons for the negative phototaxis 
which always occurred when Platymonas was trans- 
ferred to fresh medium was that the Cat+t+/Mgt+ 
ratio in the medium was 1:5; but other factors in 
addition to this one seem to be important. The 
reason for the change from negative to positive 
reaction after some time in the same medium remains 
unknown, but the pH changes which occur during 
the metabolism are likely to have effect on the 
phototaxis directly or indirectly. 

The theory that the driving power in the flagellates 
is an ‘adenosine triphosphate motor’ has recently 
been suggested by Links*. It is also known from a 
number of experiments that Catt+ and Mgtt+ are 
involved with antagonistic effect in the adenosine 
triphosphatase activity (for references see Needham‘). 
Our experiments with Catt and Mg++ in phototaxis 
strongly support Links’s hypothesis. 

Further experiments on phototaxis are in progress. 
Complete reports will be published elsewhere. 

This work was performed during the tenure of a 
fellowship awarded by the U.S. National Academy 
of Sciences under arrangement with International 
Cooperation Administration. 

Grateful acknowledgment is made to Drs. C. 8. 
French and J. H. C. Smith and other members of the 
staff of the Department of Plant Biology, Carnegie 
Institution of Washington, for stimulating discussions. 

Per HALLpAL 
Department of Plant Biology, 
Carnegie Institution of Washington, 
Stanford, California. 
Oct. 31. 

 Halldal, P., Carnegie Inst. of Wash. Year Book No. 55 (1956). 
* Links, J., thesis, State University, Leyden, Holland. 

* Needham, D. M., “Adv. in Enzymol.”, 18, 151 (1952). 


Factors influencing the Iodine Content 
of Pasture Herbage 


Bovurcet! reported that wide variation in iodine 
content occurred among plants growing on the same 
soil, even among plants of one species. Other 
workers** have reported variations in the iodine 
content of herbage growing on different soils. The 
extent to which the iodine content of pasture herbage 
is influenced by soil type, season and botanical 
composition was not clear, and it has been made the 
subject of further investigation. 

A brief survey of the influence of soil type showed 
that on five different soils with total iodine contents 
varying nineteen-fold (135-2,550 ugm. per 100 gm. 
dry weight) the herbage iodine content of various 
strains was independent of soil iodine content. It 
appeared that the amounts of ‘available iodine’ were 
similar in all the soils investigated, which ranged in 
pH from 5-0 to 6-0. 

When observation was confined to one soil type 
and when herbage samples were taken from many 
plants it was found that each strain had a character- 
istic iodine content. Iodine contents of the pasture 
strains so far investigated vary over a twenty-fold 
range, as shown in Table 1. 

The iodine content of herbage of most strains 
investigated was not markedly affected by season. 
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Table 1. IODINE CONTENTS OF HERBAGE OF PASTURE STRAIN: 
Data are annual means for monthly sam — bulked potcoe ma to 
Strains were grown in randomi. plots on one soil type. 














jeld. 
“ New Zealand certified strains are denoted by an asterisk 
Iodine content Iodine content 
(vem. iodine Pasture (ugm. iodine 
Pasture strain per 100 gm. 8 per 100 gm. 
dry wt.) dry wt.) 
Perennial rye- Mt. Barker 
grass* 146 subterran- 
Italian rye- ean clover* 24 
Fwy 85 Broad red 
Short iilietis clover* 32 | 
ryegrass* 81 Montgomery | 
Cocksfuot* 17 red clover* 47 | 
White clover* 91 Brown-top 23 
Tallarook Yorkshire fog 7 
subterranean Poa annua 11 
clover* 20 Poa trivialis 16 














{ 





It may be concluded that the strain effect is generally 
the most important of the three factors (strain, soil 
and season) in determining the iodine status of New 
Zealand pastures. 

From the point of view of the iodine nutrition of 
grazing animals, the maintenance of the iodine con- 
tent of herbage of certified strains at moderate or 
high levels is desirable. Simpson* reported that 
congenital goitre in lambs is associated with herbage 
iodine contents less than 30 ugm. per 100 gm. dry 
weight and this has been confirmed by us in four 
instances. 

The data for the certified ryegrass strains are 
particularly interesting, since New Zealand short- 
rotation ryegrass, which is derived by selection from 
hybrids of New Zealand perennial and Italian rye- 
grasses, has a considerably lower herbage iodine 
content than either of these strains. On further 
investigation thirteen perennial ryegrass plants taken 
at random gave iodine contents ranging from 18-5 to 
247-0 ugm. per 100 gm. dry weight. Analyses of 
plants derived from diallel crosses of four of these 
plants were therefore made and it was shown that 
the percentage iodine content of the herbage is a 
strongly inherited characteristic. 

This work will be reported in detail in Physiologia 
Plantarum. 

G. W. BUTLER 
J. M. JoHNsSON 
Department of Scientific and Industrial Research, 
Plant Chemistry Laboratory, 
New Zealand. Oct. 25. 
* Bourcet, P., C.R. Acad. Sci., Paris, 129, 768 (1899). 
* Orr, J. B., and Leitch, I., Med. Res, Counc. Special Report Series 

No. 123 (1929). 

* Simpson, B. W., N.Z. J. Agric., 40, 226 (1930). 
‘Simpson, B. W., N.Z. J. Agric., 41, 179 (1930). 


Effect of Ions of Certain Metals on the 
Development of Stem Rust in the 
Wheat Plant 


SEEDLINGS of Khapli wheat (Triticum dicoccum) 
are resistant to most races of Puccinia graminis var. 
tritict. However, they can be made susceptible by 
the application of DDT (dichlorodiphenyltrichloro- 
ethane) to the leaves', by treatment of the plants 
with maleic hydrazide (private communication from 
Drs. D. J. Samborski and M. Shaw) and by detaching 
and floating the leaves on water (private com- 
munication from Dr. D. F. Forward). A new method 
of changing the reaction of the Khapli seedling from 
resistant to susceptible has been found. The uptake 
of iron salts by the roots causes @ resistant reaction 
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in a normally susceptible plant and it is believed that 
this finding has economic significance. 

Seedlings of Khapli and Little Club wheat were 
grown on a modified Pfeffer’s solution by a method 
which will be published in detail elsewhere. ‘The 
seedling leaves of Khapli were inoculated with race 
15B of stem rust, to which race it is normally re- 
sistant. Following an incubation period of 24 hr., 
various additions were made to the nutrient solution. 
The addition of 5 gm. of zinc sulphate (ZnSO,.7H,0) 
or manganese sulphate (MnSO,.4H,O) to 2-5 litres 
of the nutrient solution on the third to the eighth 
day inclusive after inoculation caused the Khapli 
leaves to give a susceptible reaction to race 15B of 
stem rust. The solution containing excess of zinc 
or manganese was left in contact with the plants for 
only 24 hr. before it was replaced by the original 
nutrient solution. A similar result has been obtained 
by using 5 gm. cobalt nitrate (Co(NO;),.6H,O) per 
2-5 litres of solution. 

Another method was tried in which a much smaller 
quantity of zinc sulphate was left in the solution 
continuously. The following concentrations of zinc 
were used in four separate experiments: 0, 0-11, 0-56, 
2-8, 14-0, 70-0 and 350 p.p.m. of zine ions. Only 
in the solution with 350 p.p.m. zine ions did the 
plants show a susceptible reaction. 

The effect of zinc is not specific for Khapli. Seed- 
lings of Mindum and Spelmar (varieties of Triticum 
durum) are normally resistant to race 56 of stem 
rust, but after treatment with zinc they were sus- 
ceptible. McMurachy (Triticum vulgare), when grown 
at a temperature continuously below 70° F., is resist- 
ant to race 56 but on addition of excess zinc and at 
the same temperatures the seedling leaves showed a 
susceptible reaction?. 

Other workers* have concluded that at least one 
form of chlorosis associated with the toxicity of zinc, 
manganese and cobalt to certain plants is caused by a 
lack of available iron in the leaves. Indeed, Sideris* 
has shown that the growing of pineapple plants in a 
nutrient solution with excess manganese results in a 
root to shoot ratio of iron which is decidedly higher 
than normal. Since excess amounts of zine cause 
iron deficiency and also a breakdown in resistance in 
the wheat plant, it seemed possible that an application 
of iron might cause resistance in a normally suscept- 
ible plant. By use of ferric sulphate as the salt to 
supply ferric ions in excess, it was possible to kill 
rust infections in leaves of Little Club wheat seedlings 
with concentrations of 40-200 p.p.m. of ferric 
sulphate (Fe,(SO,);-H,0) in the nutrient solution. 
Apparently the ferric ions accumulate in such amounts 
at the infection site that the rust hyphz are killed 
and the infected area becomes dark brown to black 
in colour. The action of the iron appears to be of an 
opposite kind to that of zinc and manganese. How- 
ever, the physiological effect produced by an excess 
of iron does not appear to lead to hypersensitivity, 
which is usually associated with resistance. The effect 
of the iron may be more closely related to an eradicant 
type of fungicidal action. 

The biochemical processes responsible for these 
effects are not known. The effect of zinc, manganese 
and cobalt ions is not specific for one genetic type of 
resistance to rust in the wheat plant. This lack of 
specificity may mean that the biochemical basis of 
resistance is the same qualitatively in several different 
wheat varieties but differs quantitatively. 

The results of these experiments suggest the 
intriguing possibility that the metabolism of iron has 
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a role in the defensive mechanism of the wheat plant 
against the rust organism. 
F. R. Forsyts 
Plant Pathology Laboratory, 
Science Service, 
Canada Department of Agriculture, 
Winnipeg, Manitoba. 
Nov. 5. 

ee a coo Oe Res., C, 24, 23 (1946). Forsyth, F. R., Nature, 

2 Forsyth, Fr. R., Can. J. Bot., $4, 745 (1956). 

* Hewitt, E. J., Nature, 161, 489 (1948). Nicholas, D. J. D., Ann 
Rep. Agric. and Hort. Kes, Sta., Long Ashton, Bristol, 87 11953). 
Vergnano, O., and Hunter, J. G., Ann. Bot., N. S., 17, 317 (1953). 

‘ Sideris, C. P., Plant Physiol., 25, 307 (1950). 


A Powdery Mildew (Leveillula taurica 
(Lev.) Arn.) on Cotton in the Sudan 


In December 1955 a powdery mildew hitherto 
unrecorded in Africa on cotton appeared on several 
Egyptian (Gossypium barbadense L.) as well as 
American (G. hirsutum L.) varieties at Shambat, 
Khartoum Province. The pathogen, Leveillula 
taurica (Lev.) Arn., is @ common parasite upon 
numerous other cultivated and wild plants in the 
Sudan', becoming more extensive during the winter 
months. Although the disease was confined mainly 
to young cotton plants grown in the out-of-season 
period—for genetical work—and although it was 
severe only on the cotyledon and first leaves, but 
scarcely affecting the upper fourth or fifth leaves, 
the quick spread of this parasite upon the cotton 
varieties which are most cultivated and highly valued 
has caused much concern. So far the disease on cotton 
has not been recorded in the Gezira, where the bulk 
of the Sudan Egyptian cotton is grown. 

From cross-inoculation tests it was demonstrated 
that the source of infection must have been of local 
origin, probably from a diseased crop of Faba bona 
Medic (Vicia faba L.) which was growing in the 
vicinity, or else from a ubiquitous shade-loving weed, 
Euphorbia heterophylla L. Several varieties of 
G. barbadense (for example, Domain Sakel and X 1730, 
the two varieties grown in the Gezira and the pump 
schemes of the Blue and the White Nile) and of 
G. hirsutum became infected when artificially in- 
oculated from diseased leaves of FE. heterophylla or 
F. bona. 

Another interesting aspect of this work, therefore, 
is the evident tendency of this mildew towards non- 
specialization. Several other cross-inoculation tests 
were carried out; for example, from cotton on to 
E. heterophylla, F. bona, etc., with positive results 
in most instances. Since all the artificial inoculations 
were from lesions or even whole infected leaves, it 
may be argued that we might have been dealing with 
a mixed- and not a single-strain inoculum. This 
possibility, however, is somewhat remote because, 
so far as is known, physiological races arise primarily 
as a result of interchange of nuclear material during 
sexual reproduction. JL. taurica rarely produces 
cleistothecia upon its wide range of host species, and 
the sexual state has not been observed upon any of 
its hosts (except on Carthamus tinctorius) in the 
Sudan. Furthermore, the even coverage obtained in 
most cross- and back-inoculations render the possi- 
bility of two or more strains being present in every 

sample of inoculum somewhat remote. 

These results, which will be published fully else- 
where, do not agree with those of Zwirn’ or of Kamat 
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and Patel*, who report that L. taurica exhibits highly 
specialized traits of ‘specific’ rank. Although it is 
generally accepted that the powdery mildews, like 
the rusts, are obligate parasites and that they may 
have numerous physiological races‘, nevertheless 
evidence to the contrary has often been cited*. 

It is probable, therefore, that the annual appear- 
ance of L. taurica on winter crops in the Sudan arises 
from primary conidial infection from the susceptible 
weed species, for example, HZ. heterophylla, which 
‘carry’ the disease all the year round. 

M. A. Nour 
Faculty of Agriculture, 
University of Khartoum, 
Sudan. 
Nov. 29. 
‘Tarr, 8. A. J., “The Fungi and Plant Diseases of the Sudan” (C.M.I. 
Publication, 1955). 
* Zwirn, H. E., Palest. J. Bot., Jerusalem, 3, 52 (1943). 
* Kamat, M. N., and Patel, M. K., Ind. Phytopath., 1, 153 (1948). 
* Newton, M., and Cherewick, W. J., Canad. J. Res., C, 25, 73 (1947). 
*Hammarlund, C., Bot. Notiser, 1, 101 (1945). Hardison, J. R., 
Phytopath., 34, 1 (1944). 


Abbreviations for lodinated Amino-ac’ds and 
Derivatives from the Thyroid Gland 


THE use of abbreviations for the designation of 
compounds on chromatograms or autoradiographs 
has recently led to some confusion in the thyroid 
field, because of the variety of symbols used by 
different workers. At the Ciba Foundation 
Colloquium last June on the “‘Regulation and Mode 
of Action of Thyroid Hormones’’, a discussion was 
held in which agreement was reached on suitable 
symbols for a number of compounds: namely, the 
iodinated thyronines and tyrosines. This discussion 
will be published in due course. Meanwhile we desire 
to direct the attention of those engaged in research 
on the thyroid to these symbols and to a few 
additional symbols for compounds which might be 
found among thyroid hormones or their metabolites. 


Thyroxine T, Se 
Triiodothyronine T, Tetralodothyropyruvie acid 
Diiodothyronine T, Trilediothyropyruvir acid 


fetraiodothyroacetic acid 
Priiodothyroacetic acid 





Bicone Bie 

If the writer wishes to distinguish between two iso- 
mers, then the symbol can be preceded by numbers 
indicating the positions of iodine (halogen) atoms in 
the two benzene rings of thyronine—thus, the three 
diiodothyronines would be 3:5-T,, 3’:3’-T, and 
3’ : 5’-T;. 

We feel that much would be gained if all workers 
in this field agreed to use the same symbols for the 
thyroid hormones, their precursors and derivatives. 

C. R. Harmnecton 
RosaLinpD Pirt-RIvERs 
National Institute for Medical Research, 
London, N.W.7. 
A. QUERIDO 
Academisch Ziekenhuis, 
Leyden. 
J. RocwE 
Collége de France, 
Paris. 
Atvin TavuroG 
School of Medicine, 
Berkeley 4, California. 
Jan. 2. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, January 28 


oF Lonpon (in the Anatomy Theatre, Untvenstiy 
college, Gow Gower Street, London, W.C.1), at 5.30 p.m. —_Dr. D. 

“The History and Recent Progress of Machine Kreelatlon” * 
(Second of three lectures on ‘*Aspects or Translation’. Further lecture 
on February 4.) 


Roya, GeooRaruicaL Socrety (at 1 Kensington Gore, London, 
8.W. 7 at 8.30 p.m.—Lieut.-Col. G. E, Wheeler: “Recent Develop- 
ments in Soviet Central Asia”. 


Tuesday, January 29 


UNIVERSITY OF LonDoN (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m.—Dr. R. H. 
Garstang: “The Biography of a Starbeam”’.* 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, 8.W.1), at 5.30 p.m.—Mr, M. Lovett: “The Cam- 
paign for Cleaner Rivers”. 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Scientific Papers. 


UNIVERSITY OF LONDON (at the London School of a are and 
Tropical Medicine, rt: 1 Street, Gower Street, London, W.C.1), at 
5.30 p.m.—Prof. C. A. Keele: “Causes of Pain’”.* (Seventh of fifteen 
lectures on “The Scientific Basis of Medicine”, organized by the 
British Postgraduate Medical Federation.) 


SOCIRTY OF INSTRUMENT ror ae (at Manson House, Portland 

Place, London, W.1), at 7 p.m.—Dr. H. I. Andrews: “The Develop- 
ment of Instruments for Measuring the Performance of Steam Loco- 
motives with the Mobile Testing Plant’. 


Wednesday, January 30 


ASL'B (at the Royal Society of =. oF youe Adam Street, Adelphi, 
London, W.C.2), at 6 p.m.—Dr. A. Michaelis: “Communication 
of Science by Means of Film”. 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London Schvol 
of Hygiene and Tropical Medicine, Keppel Street Gower Street, 
London, W.C.1) at 6.30 p.m.—Papers on “Battery Operated Equip- 
ment”, Mr. R. A. Lampitt and Mr, J. P. Hannifan : Ha of 
Battery Operated Frequency Modulation Receivers” ; 
Perry : “Phe Power Unit Design of Portable Wadiation Md 
Instruments”’. 


Socigty OF CHEMICAL INDUSTRY, Foop Group (joint meeting with 
the LoNDON SECTION and the PLASTICS AND POLYMER GROUP, at 14 
Belgrave Square, London, 8.W.1), at 6.30 p.m.—Mr. F. A. Paine: 
“Some Aspects of Food Packagi ng”. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
(ef 1 Birdcage Walk, Westminster, London, S.W.1), at 6.45 p.m.— 
Discussion on “Economy in Commercial Vehicle Operation”. 


RovAL INSTITUTE oF CHEMISTRY (joint meeting with the SouTH- 
West Essex TECHNICAL COLLEGE CHEMICAL SOCIETY, at the South- 
West Fasex Technical College, Forest Road, London, E.17), at 7 p.m. 
~—Mr. R. Lait: “‘Some Aspects of Inorganic Peroxy Compounds”. 


. KK. G. 
Measuring 


Thursday, January 31 


Royal Socrety (at Burlington House, Piccadilly, London, W.1), 
at 11 a.m.—Discusston on “V lability of Mammalian Cells and Tissues 
After Freezing”, opened by Dr. A. 8. Parkes, F.R.S. 


UNIVERSITY OF LONDON (in ae Anatomy Theatre, Lea tage 
College, rr Street, London, W.C.1), at 1.15 p.m.—Prof. L. 8. 
Penrose, F.R.S. : “The Uncommon Case of the Porcupine Man”’.* 


sae COLLEGE, Lonpon (in the Phystology Theatre, Gower 
Street, London, W.C. 1), at 5. 15 p.m.—Prof. F. Bergel : “Recent 
Advances in Cancer Research”. 


Friday, February | 


Royal ASTRONOMICAL SocreTy (at Burlington House, Piccadilly 

London, W.1), at 4.15 p.m. a Discussion on “The Use of 

Natural and Artificial Tracer Elements in Geot hysical Research’. 

Chelan 3 Prof. P. A. ppeese. Speakers: Prof. H. C. Urey, Dr. 
. H. Cooper and Dr. N. G. Stewart. 


Society FOR VISITING eainiaiin (at 5 Old Burlington Street 
London, W.1), at 7.30 p.m.—Discussion Meeting on “‘The ph at 
Low Temperature on Mammals and Their Tissues”. Chairman : 

A. 8. Parkes, F.R.S 

ROYAL Ixerrrovios (at * so Street, London, W.1), at 

Lr .—Sir William Pugh, 3. ae Geological Map of Great 
Srita! 


Saturday, February 2 


Lonpon County Counc (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.80 p.m.—Dr. Kenneth Oakley : 
“Barly rae Use of Fire’’.* 

BRITISH INTERPLANETARY Socrety (in the Tudor Room, Caxton 
Hall, Guaken Street Lenaed, 8.W.1 ha 6 p.m.—Wing Commander 
F. Latham: ‘‘Accelerations in Fl 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
ay = Ey mentioned : 

Grade A (with a d in physics or A.Inst.P., 1 
refrably “with industrial, research or teaching e gee at the 
echnical College of Monmouthshire, Crumlin—The Director of 

Ednueation, County Hall, Newport, Mon. (January 31). 

ASSISTANT EXPERIMENTAL OFFICERS (with a pass degree in botany 
or other suitable qualification), for posts in cytol toy grass and clover 

reeding—The Registrar, Welsh Plant Breeding Station, University 
College of Wales, Aberystwyth (January 31). 

ASSISTANT (Scientific) to be — responsible for photographic 
work—The retary, Welsh t Breeding Station oat 
College of Wales), Plas Pen neg near Aberystwyth (J: ny 31 

LECTURER and ASSISTANT LECTURER (with an honours degree in 
physics or physical chemistry or mechanical engineering, and prefer- 
ably with industrial or teaching experience) IN PaPER feat spend 
in the Department of Textile Chemistry, to undertake-research and 
to teach paper technology—The Registrar, The Manchester College 
of Science and Technology, Manchester 1 (February 1). 

Sik ALAN COBHAM R&SEARKCH FELLOW IN AERONAUTICS, to carry 
out research in one of the following subjects: (a) aircraft noise and 
structures, (b) hypersonics, (c) helicopter vibrations; (d) jet flap 
investi igations, or (e) numerical methods applied to wing des 
7 Secretary and istrar, The University, Southampton (February 


LECTURER IN MEDICAL STaTistTics—The Registrar, The University, 
Manchester 13 (February 9). 

PHYSICAL CHEMIST, T, Scientific Officer grade (with a first- or second- 
class honours degree or equivalent) at the Food Investigation Low 
Temperature Research Station (D.S.1.R.), Cambridge, to c-4 
separation processes based on pe A ae a hy including the ro atom | 
of ion-selective membranes and investigation of behaviour of 
solutions in multi-compartment cells—The Ministry of Labour 4 
National Service, Technical and Scientific Register (K) ), 26 King Street, 
London, 8.W.1, “quoting F.730/6A (February 9 

SENIOR AGRICULTURAL ECONOMIST (with a good degree in economics 
or agriculture with economics, together with experience in farm 
management and advisory work) IN THE DEPARTMENT OF AGRICULT- 
URAL Economics—The Registrar, King’s College, Newcastle-upon- 
Tyne (February 

RESEARCH FELLOW (with a degree in veterinary science), for work 
> animal viruses under the direction of the Head of the Department 
of Maa Secretary, The Queen’s University, Belfast 

ebruary 

LEcTURER (with special qualifications in applied mathematics) 
IN MATHEMATICS—The Registrar, The University, Manchester 13 
ana 6). 

H FELLOW IN THE NUCLEAR ENGINEERING LABORATORY 

of Queen a College (University of London), to carry out research 

ndamental fluid motion and heat transfer problems associated 

with the use of liquid fuels in nuclear reactors—T The ee my Queen 
Mary College, Mi — London, E.1 (February 16). 

LECTURER or ASSISTANT LRCTURER IN Puysics at the University 
Cellege of the West Indies—The Secretary, Inter-University o—_ 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 


(F i) 

LEecTURE! THE COMPUTING LABORATORY—The Registrar, Univer- 
sity of Durham, 1 1A Kensington Terrace, Newcastle-upon-Tyne 2 
(February 23). 

LECTURERS IN MarTHematics—The Registrar, King’s College, 
Newcastle-upon-Tyne (February 23). 

CHAIR OF STATISTICS within the- Department of Pure Mathematics 
—The Registrar, The University, Birmingham 15 (February 27). 

CHAIR OF STATISTICS in the My ste ed of the Witwatersrand, 
Johannesburg South Africa—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (South Africa, February 28). 

DIRECTOR OF THE COMPUTING LABORATORY—The Secretary of 
University Court, The University, Glasgow (February 28). 

LECTURER or ASSISTANT LECTURER IN PURE MATHEMATICS; & 
LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMA‘ICS: and 
LECTURERS (2) or ASSISTANT gy (2) IN THE SUB-DEPARTMENT 
OF COMPUTATION—The Secretary and Registrar, The University, 
Southampton (February 28). 

LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATICS— 
The Secretary, The University, Exeter “March 1). 

ASSISTANTS (2) (female, preferably with a degree in biology or 
horticulture or equivalent qualification) pede for field experi- 
ments on fruit crops carried out by the p _ pathology, entomology 
and plant protective chemistry sections—The Secretary, East Malling 
—— Station, near Maidstone, Kent (March 2). 

LECTURER IN CHEMICAL ENGINEERING at Canterbury University 
College, Christchurch, New land—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (New Zealand, March 31). 

LECTURER (with an honours degree and experience in research or 
in clinical work) IN PsycHOLOGY at Canterbury University College, 
Christchurch, New Zealand—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(New Zealand, March 31). 

IMPERIAL CHEMICAL INDUSTRIES FELLOWS FOR RESEARCH IN 
Puysics, CHEMISTRY, COLLOID SCIENCE, epee ENGINEERING, 
METALLURGY, PHARMACOLOGY, CHEMOTHERAPY r related subjects— 
The Secretary-General of the Faculties, University of Cambridge, 
The Old Schools, Cambridge (April 30). 

AGRICULTURAL SUPERINTENDENT (with a university degree in 
agriculture, horticulture or a natural science (which includes a) 
or the Diploma of the Imperial College of Tropical Agriculture, 
at least two years suitable postgraduate training or experience) in 
British Guiana, for the development of the cocoa industry (duties 
include the supervision of nurseries and propagation centres, field 
rials and experiments, ete.)—The Director of Recruitment, Colonia) 
Office, London, 8.W.1, quoting BCD.63/30/011. 
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ASSISTANT PROFESSOR OF PHARMACOLOGY—The Dean of Medicine, 
University of Alberta, Edmonton, Alberta, Canada. 

ELECTRONIC ENGINEERS or PHYSICISTS (with, or obtaining, a first- 
or second-class honours degree or equivalent, with experience or in- 
terest in radio, radar and communications ; instrumentation for tele- 
metry and other measurements ; electronic devices; application of 
advanced techniques to other fields, for example, armament) at 
Ministry of Supply Research and ‘Develo —— Estabiishments, 
chiefly at Malvern, Wores; Farnborouzh, ts; and Sevenoaks, 
Kent—The Ministry of Labour and National Barvice Technical and 
yererd Register (K), 26 King Street, London, $.w.i, quoting 

6 

GRADUATE (metallurgy, chemistry or physics) IN THE INFORMATION 
DEPARTMENT, for work dealing with every aspect of the recording 
and transmission of information on the extraction, manufacture and 
uses of non-ferrous metals and their alloys—The ‘Secretary, British 
Hou, Ferrous Metals Research Association, Euston Street, London, 


MASTER (with an honours degree) to teach Chemistry to advanced 
jevel; and a Master (with an honours degree) to teach Mathematics 
to ssivanced level—The Headmaster, Bristol Grammar hool, 
Bristol 3 

RESEARCH ASSISTANT (young graduate in one of the biological 
sciences, and yd with an interest in, and knowledge of, histo- 
chemistry and bone metabolism) IN THE PHYSICS DEPARTMENT, to 
assist in research upon the effects of high energy radiation upon normal 
bone and bone tumours by means of autoradiography, microradio- 
graphy and histochemistry—The House Governor, Westminster 
Hospital, St. John’s Gardens, London, 8.W.1. 

SENIOR LECTURER (with a degree in mining enpunning or equivalent: 
and not less than five years teaching experience at a British Univer- 
sity) ny Mixine ENGINEERING at the University of Rangcon—The 
Ministry of Labour and National Service (A.S.12), Almack House, 
King Street, London, S.W.1, quoting A.12/BUR/437/TCS. 

SENIOR TECHNICIAN andjor ECHNICIAN IN THE CLINICAL PATHO- 
LoeicaL Lasorkatory—The Secretary, The National Hospitals for 
Nervous Diseases, Queen Square, London, C.1. 

TECHNICIAN (trained in bacteriology) IN THE VIRUS REFERENCE 
LaBoraTory, Colindale—The Director, paen Public Health Lab- 
oratory, Colindale Avenue, London, N.W.9. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


ings of a Symposium on Optical Design with Digital Com- 
EN. Leggy in the — Department, Imperial College, London, 
W.7, June 5, . ane , 1956. Pp. vili+93. (London: Im rial 


1956.) 2311 
i of ccna Management. Annual Report of the Council, 
1955-56. Pp. 20. (London: Institute of Personnel Management, 


1956.) 
Empire Cotton Growing Corporation. 
ge gg Stations, Season 1955-56. Kenya. 14. 9d. 
238. (London : Empire Cotton Growing a, 


1956. -) 
Ministry of Agriculture, Fisheries and Food. Fishery Suetettealiens 
Series 2, Vol. 20, No. 5: On the Fishing Effort in English Mentions 
Fisheries. By? “A. Culland. Pp.ii+41. 7s. 6d. net. Series 2, Vol. 20, 
No.8: A Simplified System of Mussel Purification. By Nial Reynolds. 
Pp. li +18+2 plates. 5s. net. (London: H.M. Stationery a7 
2611 
The New Scientist. No. 1 (22. November, 1956). Pp. 68. 1s. weekly. 
Subscription rates: Inland and Overseas, 608. a year; 308. Pa” six 
months. Special rates: Canada. 7.50 dollars a year U.S 8.50 
dollars a year. (London: Harrison, Raison and Co., Ltd., 1986) [3011 
Society for the Promotion of Nature Reserves, Handbook 1956. 
Pp. 62+4 plates. (Londen: Society for the Promotion of Nature 
Reserves, c/o British Museum (Natural History). 1956.) 5s. [3011 
Bulletin of the British Museum (Natural History). Zoology. Vol. 4, 
No.5: A Revision of the Lake Victoria Haplochromis Species (Pisces, 
Cichliae). Part 1: H. Obliquidens Hligend., H. ag (Bier) ), 
q. Nuchisquamulatus (Hilgend.), and H. Lividus, Sp.N. By P. 
Greenwood. . 223-244. 6s. Vol. 4, No.6: A Systematic Revision 
of the Fishes of the Teleost Family Carapidae (Percomorphi, Blen- 
nividea) with descriptions of Two New Species. By D. C. Arnold. 
eo 20s. ‘London: British Museum (Natural ear 
Careers for Graduates in Albright and Wilson and Midland Silicones 
Limited. Pp. 28. Same: Albright and Wilson, Ltd., 1956.) [3011 
Siemens Brothers and Co., . Engineering Bulletin No. 274: 
33,000 Volt Submarine tg "for Lake Maracaibo. Pp. 20. (Lond =: 
Siemens Brothers and Co., , 1956.) [30 
British Electrical and Tied Industries Research Association. 
Technical = L/T323: Theory of Linear Systems. I. By 
Gross. Pp. 17. (Leatherhead: British Electrical and Allied Be 
Research heeicleetan 1955.) 108. 6d. [3011 
Ministry of Agriculture, Fisheries and Food. F Investigations. 
Series2, Vol. 20, No.7: The money Spatfall of Musse ag edulis 
L.) in the River Conway Retuary 5 n Spring 1940. By R. E. Savage. 
— 11+22+3 plates. (London: H.M. Stationery Office, 1956. ‘tsar 
ne 
Forestry Commission. Leafiet No. iy a Mildew. Pp. 6. (Lon- 
don: H.M. Setenery Office, 1956.) 6d. [312 
The First Hundred Years : ‘Corticosteroid aa Pp. 92. (Folke- 
stone: Pfizer, Ltd., 1956.) 312 


What We are Doing, L 6. . 32. (Kenley, Surrey: British 
ae r and Board T Association, 1956.) [312 
cultural Ae 9 ‘Gounell: Soil Survey Soll 

Survey of Great Britain. Re _ & 1955. Pp. ifi+45. (London : 
A.M. Stationery Office, 1956.) 5s. n [312 
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Other Countries 


UNESCO : Centro de Cooperacion Cientifica Americana Latina, 
Montevideo. Instituciones Cientificas y Cientificos Latinoamericanos 
Colombia (20. Volumen). Pp. 1i+176. (Montevideo: UN yo? q 


-) [ 
Wattle Research Institute (South African Wattle Growers’ Union— 
University of Natal—Union Department of Forestry). Report for 
1955-1956 (Ninth year). Pp. 46+1 plate. (Pietermaritzburg: Wattle 
Research Institute, University of Natal, 1956.) 2611 
World Health Organization. Technical Report Series, No. 110: 


Expert Committee on Insecticides—Sixth Report. Pp. 88. (Geneva: 
World Health Organization; London: H.M. Scredleneay Office, 1956.) 
3s. 6d.; 2 francs; 0.60 dollars. 2611 
Polska Akademia Nauk: Komitet Inzynierii sapewt. Arch wum 
Inzynierii Ladowej. Tom 1, Zeszyt 1-2. Pp. Warszawa 
Panstwowe Wydawnictwo Naukowe, 1955.) 2611 


This is du Pont : The Story of Science in Industry. Pp. 32. (Wilm- 
—_ Delaware: E. I. du Pont De Nemours and coal 

ournal of the Paleontological Society of India. Vol. 1, No. Pp. 
= a ng Sa plates. (Lucknow: Paleontolouical Sockty’ of 
n 

Uganda Protectorate, Annual Report of the Geoiogical Survey 
Department for the year ended 3Ist December, 1955. Pp. 11+35, 
Shs. Wis. Geological Survey of Uganda. Memoir No. 9: OU! In 
Uganda. By Dr. N. Harris, J. W. Pallister and J. M. Brown. Pp. 
lil + 33. Shs. 12/50. Records of the Geological Survey of Uganda, 
1954. Pp. 1i+71+9 plates. Shs. 7/50. (Entebbe: Government 
Printer, 1956.) 312 

Northern Region of Nigeria, Annual Report on the Forest Admin- 
istration of the Northern Region of Nigeria for the year 1954-55. 


Pp. 11+31. (Lagos: Government Printer; London: Crown Agents 
for Oversea Governments and Administrations, 1956.) Od. net. [312 
East Africa High Commission : Desert Locust Survey. Report of 
the Desert Locust Survey and Control, ist January. 1953-30th June, 
1955. Pp.i+70. (Nalrobl: Desert Locust Control, 1956.) {312 
National Sctence Foundation. Federal Funds for Sclence. 5: The 


Federal Research and —~ Budget, Fiscal Years 1955, 1956, 
Pp. ii+47. (Washington, D.C.: Government Printing 
Office, 1956.) 35 cents. 

Inter-American Tropical Tuna Commission. Annual Report pe the 
Year 1955. Pp. 95. (La Jolla, Calif.: Inter-American Tropical _ 
Commission, 1956.) 

Museum of Comparative poo at Harvard College. Brev a 
No. 62: A Third Leaf-Nosed Species of the Lizard Gevus Anolis from 
South America. By James A. Peters and Gustavo Orcés-V. Pp. 8. 
No. 63: New Bathyal lsopoda from the Caribbean, with Observations 
on their Nutrition. By Robert J. Menzies. Pp. 10. No. 64: Rare 
Species of Copepoda noidea. taken from the Izu Region. By 
Otohito Tanaka. Pp. 8. (Cambridge. : we Museum of Compara- 
tive Zoology at Harvard College, 1956 

Metropolitan Life Insurance Cémpany, Statietica Bulletin. Vol. 
37 (October geen: The Birth Rate— nt Trends and Outlook. 
cee: - (New York: Metropolitan Life Insurance Compra 


Académie Royale de Paton ue. Classe des Sclences. Mémoires. 
Tome 29, Fascicule 7: Vitesses Dinerenticties dans l’Atmosphére de 
n Aquilae et de € Geminorum. Par Grandjean. Pp. 60. (Bruxelles : 
Académie Royale de Belgique, 1956.) 50 francs (312 
South African Council for Scientific and ‘Industrial Research : 
———— Beiiting Bossareh Institute. Save £ While Building. Pp. 
19. (Pretoria uth African Council for Scientific and 1 ustrial 
Em 1956.) 

University of california Publications in Zoology. Vol. 54, No. x 
Taxonomic Appraisal and — of Fleas at the Hastings Reserva- 
tion in Central California. By Jean M. Linsdale and Ketty S. Davis. 
oP. aad A on 11-22 Yperkeley and Los Angeles: University 

California Press ; London : Cambridge University Press, 1956.) 
1.50 dollars. _ BI 2 

Smithsonian a Sa: Vol. 131, No. The 
Geology and Vertebrate Palo tology of Upper Eocene a on the 
North-Eastern Part of the Wind R ver Basin, Wreming. Part 2: 
The Mammalian Fauna of the Badwater Area. By C. Lewis Gazin. 
Pp. 1i1+35+8 plates. (Publication 4257.) Vol. 131, No. 9: Breeding 
and Other Habits of Casqned Hornbills lis (Byconistes subcylindricus). 
Pp. v+45+6 plates. (Publication 4259.) (Washington, D.C. : oe 
sonian Institution, 1956.) 312 

Kungl. Lantbruks- Tidégskolans Annaler, Vol. 22. (Annals of the 
Royal Agricultural College = —? Pp. iv+488. (Wena 
Kungl. Lantbruks- Hégskolans, 1956.) [31 

Health Education: a Selected oe. & Saag pane Studies 
and Docaments, No. 19.) Pp. 46. (Paria: Unesco : H.M. 
Stationery Office, 1956.) 100 francs; 28.; 0.40 eg 
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"YDROFLUOR Ie 
ACID 


AHF is the most important agent for 






the production of organic fluorine compounds 



















either by replacement of chlorine atoms or 
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° 
| 
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by addition to unsaturated substances. % 
une, Another important use is as a catalyst 
956, in the production of high-octane fuels by 


[31 : alkylation. Other alkylation and acylation 





reactions are also catalysed by AHF. 
It is the raw material for producing fluorine 


and has been used as a solvent medium 








for certain reactions. 














PHYSICAL PROPERTIES HO 3... Rie Cee 
Boiling Point (760 mm.) . . . 19.9°C. S,. ... Bota. Cian. 
Freezing Point . ... . 83°C. Si(calc.asSiFy) . . . . 0.25% max. 
Specific Gravity (Liquid 0°C) . . 1.01 HegO, ck, . 5. Gi. - ex. 
Specific Heat (Liquid 0°C) . . . 0.85 H2S. . . . may be present in traces. 

The vapour is polymerised to a degree which — Higher grades up to 99.9% HF can be supplied 

varies rapidly with temperature and pressure according to need. 

producing a corresponding variation in the heat 

of vaporisation. CONTAINERS 

SPECIFICATION AHF is transported in steel tank wagons hold- 

The normal grade of AHF contains at least ing from six to eight tons, and in steel cylinders 

99% HF, and impurities to the following limits :— of 6 lb., 50 Ib. and 230 lb. capacity. 





Advice on materials of construction, handling and first-aid measures may be obtained from 
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A NEW 


REVERSION SPECTROSCOPE 


This new model (No. 3505) is constructed on the 
reversion principle originated by Prof. H. Hartridge 
F.R.S. It enables readings to be made with ease 
and great accuracy. 


Catalogue of Spectroscopes, post free from:— 


R& J] BECK LTD>“oxcon.” 
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<Onpo® 
“CRISTA” PIPETTE SHAKER 
with 
Interehangeable Heads 


For 

PIPETTES 

KAHN TUBES 

BOTTLES Details on request 

HAWKSLEY & SONS LIMITED 
17 NEW CAVENDISH ST. LONDON WI 


WELBECK 3859 


























GREEN’S 


sont FILTER PAPERS 

including 
Ashless, 
Qualitative, 
Hardened, 
Commercial, etc. 
Price List N.G.55 

J. BARCHAM GREEN LTD. 


MAIDSTONE, ENGLAND 























ULTRA-VIOLET CELLS 
Variable path-length cells for liquids 


INFRA-RED CELLS 
Variable pathlength cells for liquids 
Fixed path-length cells for liquids and gases 
Microcells for liquids 


PRESS for making KBr and 

KCI DISKS 
as used in I-R and U-V solid state study 
Improved and chromium plated 

HIGH SPEED VIBRATION MILL 
ideal for KBr disk technique and other fine 
and fast grinding. Available for 50 and 60 
cycle mains 

ROTATING ELECTRODE 
(solution excitation) SPARK UNIT 


Descriptive literature on application 


RESEARCH & INDUSTRIAL INSTRUMENTS CO. 


30 Langton Road, Brixton, London, $.W.9 
RELiance 6171 
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